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13  ABSTRACT 

Theoretical  Analysis  and  on-the-bench  tests  were  performed  to  determine  the 
required  doping  levels  for  germanium  and  silicon  to  produce  infrared  windows  with 
large  attenuations  to  microwave  energy  in  the  1  to  10  Gllz  range.  An  optimum 
doping  level  was  determined  where  infrared  signals  wre  attenuated  by  only  3%  above 
that  for  a  higher  purity  sample,  while  microwave  signals  were  attenuated  by  over 

100  dB  with  over  60"  of  this  attenuation  resulting  from  reflections  on  the  window 
surface  and  not  absorption  within  the  doped  window.  Results,  conclusions  and 
potentialities  are  discussed. 
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I-  INTRODUCTION 


metals  In  T  u.  **'  ,nd,st,nguishab,e  *  physical  appearance  from 

S^rondv  I,  rr  ^  °f  ^  SpCctnun’  Uke  metals’  they  generally  absorb 

tongly  having  coefficients  of  absorption  on  the  order  of  10s  an'1.  In  the  pure 

state,  the  absorption  coefficients  of  many  semiconductors,  such  as  silicon  and 

fairiy^ansnJ^t  ,n  ***  *****  W  interTnediate  infrared  region  and  become 

tenqwwt  at  longer  infrared  and  RF  wavelengths.  The  transparency  of 

semiconductors  at  wavelengths  beyond  the  absorption  edge  is  frequents  apparent 

only  when  they  are  purified  to  such  an  extent  that  abso^tion  due  to  L” 

^  ?°W  UP  fundamentaJ  absorption.  In  an  impure  state,  thev 
generally  opaque  from  ultrav  olr  f  right  up  to  radio  frequency  wavelengths. 

The  problem  is  to  find  doping  levels  for  both  silicon  and  germanium  w’fich  will 

make  them  effectively  transparent  in  the  infrared  region  but  opaque  in  the 
microwave  region.  F  W  c 
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II.  DOPED  SEMICONDUCTOR  PHYSICS 


The  quantum  mechanized  model  of  a  semiconductor  explains  electrical 

conduction  in  terms  of  electrons  which  have  been  moved  from  their  natural  bond 

states  within  the  atom  to  non-localized  energy  states.  There  are  two  varieties  of 
these  states --the  donor  and  acceptor  states,  in  the  donor  state,  an  electron  is 
localized  around  an  impurity  from  which  it  can  be  released  into  the  conduction 
band  with  a  rather  small  expenditure  of  energy.  This  makes  the  electron  from  the 
impurity  atom  available  for  electrical  conduc.ion.  Similarly,  an  acceptor  state  is  an 
available  electron  state  around  an  impurity  which  can  accept  an  election  from  the 
valence  band.  When  this  transition  occurs  an  electron  is  taken  from  the  valence 

band,  or  a  hole  is  produced.  An  electrical  current  can  now  be  carried  by  the 

valence  band.  Since  the  energies  involved  in  these  processes  are  of  the  order  of  0.01 
to  0.1  eV,  they  are  much  smaller  than  the  energy  required  to  excite  an  electron 
directly  from  the  valence  band  into  the  conduction  band.  These  states  exisi  in 
continuous  bands  which  are  separated  by  regions  where  no  energy  level  states  exist 
(forbidden  bands).  When  the  semiconductor  material  is  doped  with  an  impurit;. 
energy  levels  are  created  which  lie  within  the  forbidden  band. 

An  optical  absorption  arises  from  the  promotion  of  a  free  electron  Irom  the 
valence  band  tc  the  conduction  band,  accompanied  by  the  absorption  of  a  photon. 
For  the  photo  hr  >  Eg  (forbidden  band  energy  gap),  strong  optical  absorption 
may  occur..  If  the  photon  energy  is  less  than  the  gap  energy,  the  absorption  is 
usually  much  weaker.  By  their  basic  nature  semiconducting  materials  have  small 
energy  gaps  which  correspond  to  cur-on  wavelengths  in  the  infrared  region. 

When  radiation  is  applied  to  3  solid,  electrons  arc  displaced  from  their 
equilibrium  position  by  a  self  produced  electric  field  (F).  The  equation  for  the 
motion  of  a  free  electron  in  the  presence  of  this  electric  field  is: 

d2x  dx 

m  — r-  +  my —  =  eEeJUit  (1) 

dt2  dt 


where 


7  is  the  damping  constant  which  is  related  to  the  relaxation  time  (t)  by 


(2) 


1  _  e 
r  Mm 


and  where 

m  =  free  carrier  mass 
e  =  electronic  charge  (1.6  X  10  *'  C) 
m  =  free  carrier  mobility 

Solving  for  X, 


eE  1 


X  =  C.  +C,e_T  +  —  ~ — 2 
1  1  m  (-(«r 


ju>  t 


+J7W) 


(3) 


As  t  gets  very  large,  C2e  1  approaches  zero  and  if  it  is  assumed  that  at  t  =  0, 
E  =  0  and  X  =  0,  then 


Therefore  let 


So  the  solution  becomes 


Cj  =  c2 


c,  =  -c2  =  0 


X  = 


eE  1 


lu>  t 


m 


(-w2  +j7«) 


(4) 


The  net  polarization  caused  by  the  displacement  of  electrons  a  distance  X  is. 


P  =  Neb.  I  = 


Ne2E 


m(-u2  +}yo>) 


(5) 


where 


N  >s  the  total  number  of  electrons  per  unit  volume. 
The  complex  in  lex  of  refaction  vn-jk)2  can  be  defined  as 
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(n  -  jK)2  =  1  +(P/e0E) 


(6) 


where 

n  equals  4.0  for  germanium  and  3.42  for  silicon  (real  part  of  the  index  of 
refraction). 

Substituting  in  the  polarization  calculated  above, 


n2  -  K2  -  2jnK  =  I  + 


men(-cj2  +hra>) 


where 


K  is  equal  to  the  imaginary  part  of  the  index  of  refraction. 
The  basic  wave  equation  for  a  E  field  in  a  lossy  material  is, 


V2E  +  k2E  =  0  . 


(8) 


The  wave  number  k  is,  in  general,  complex  and  may  be  written, 


k  =  k'  -  jk" 


(9) 


where 

k'  is  the  intrinsic  phase  constant,  and 
k"  is  the  intrinsic  attenuation  constant. 

The  k"  term  causes  an  exponential  attenuation  of  the  wave  amplitude.  The  solution 
to  the  wave  equation  is 

E  =  E0e'k’’ze  “  jk  Z  •  (10) 
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The  absorption  coefficient  a  can  be  determined  by  equating  the  imaginary  parts  of 
equation  (7), 


2nKw  =  2cna  = 


7Ne2 

meQ(w2  +72) 


Substituting  in  for  7, 


a  = 


(11) 


(12) 


Values  for  a  are  calculated  in  Program  One  in  Appendix  A  for  frequencies  from  the 
infrared  range  to  the  RF  range  for  both  silicon  and  germanium  doped  at  three 
different  levels.  For  these  calculations-  three  different  doping  levels  were 
used:.  2.5  X  10l3/cm3,  1  X  1015/cm3,  and  1  X  1017/cm3.  Three  different 
thicknesses  were  used:.  0.058  in.  (0.1473  cm),  0.127  in.  (0.5  cm),  and  0.70  in. 
(1.778  cm).  The  frequency  range  used  went  from  1  GHz  to  3.7  pm.  The  equations 
were  evaluated  for  both  silicon  and  germanium.  There  are  two  regions  of  interest  in 
this  equation.  The  first  is  the  relaxation  region  where  1/r  <  co.  In  this  region,  the 
absorption  coefficient  is  proportional  to  the  wavelength  squared  and  the  transmission 
of  infrared  radiation  is  fairly  high.  In  the  second  region  (low  frequency  region), 
where  cj  <  1/r,  the  absorption  coefficient  is  fairly  high  for  RF  radiation. 

Knowing  the  absorption  coefficient,  the  transmission  percentage  can  be 
calculated  by  solving  a  parallel  plate  type  of  problem..  At  every  interface  there  is  an 
incident  and  a  reflected  wave. 


incident  wave  -»■  e^kox  Ae*kX  -A  Te*  0 

Re-ikox*  Be“ikX4 


i 


\ 


s 


The  constants  R,  A,  B,  and  T  can  be  evaluated  by  solving,  i 


1  +R  =  A  +  B 


(13) 
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jk0(l  -  R)  =  jk(A  -  B) 


Te*koa  =  Ae*3  +  Bt-jka 


therefore 


jk0Tejko*  =  jk(Ae^k*  -  Bc->ka) 


T  =  e"jkoa 


(1  +  fi1) sin  ka  +  2j/r  cos  ka 


where 


a  =  thickness 


k  =  0+ja- 


therefore 


2j(j3 +ja) 


j  •:  Vio; 

-  (kp  +  (3  +  ja)2)  sin  (/?  +  ja)a  +  2j(oc  +  j/3)  cos  (a  +  j#3)a 

The  values  for  the  absolute  transmission  through  different  samples  can  be  found 
in  Program  One  (and  plotted  in  Figures  B-l  through  B-4)  in  Appendix  B.; 
Transmission  percentages  were  found  as  high  as  98.5%  in  the  infrared  region.  Large 
variations  within  the  infrared  region  are  caused  by  cancellation  or  enforcement  of 
the  incoming  signal  with  the  reflected  signal. 

The  amplitudes  of  the  waves  reflected  from  each  surface  will  reinforce  each 
other  when 


n(t)  =  (2m  +  1) 
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where 


m  is  an  integer  and 
t  is  the  thickness. 

Destructive  interference  will  occur  at  wavelengths  when 

n(t)  =  m  j  (20) 

4 

Transmission  percentages  below  i0~,5°  in  the  radio  frequency  range  were 
considered  as  zero. 

The  reflection  coefficient  for  different  samples  can  be  calculated  from 


R  = 


1  -  n* 
1  +  n* 


(21) 


where 


n*  =  —  (0  +  ja) 

to 

Therefore, 


1  -  R 


2c 


to 


(0  +  ja) 


.  2c  „  .  c 
1  +  — 0  +  j  —  a 
to  to 


(22) 


The  absolute  values  of  1  -  R  can  also  be  found  in  Program  One  in 
Appendix  A. 
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m.  TEMPERATURE  VARIATIONS 

! 

An  increase  in  temperature  above  room  temperature  causes  an  increase  in  free 
carrier  concentration  because  electrons  from  the  valence  band  begin  to  enter  the 
conduction  band  and  thereby  create  hole  -  carper  pairs.  There  is  a  cross-over  point 
called  the  intrinsic  range  where  the  concentration  of  electrons  in  the  conduction 
band  becomes  greater  than  that  due  to  the  donor  impurities.  For  germanium,  the 
free  carrier  concentration  increases  as. 


OjCD  =  1.76  X  10,6T3/V4550/TcnT3  (23) 

I 

t 

and  for  silicon  as  ! 

S 

nj(T)  =  3.88  X  10,,6T3/2e-7000/Tcm-3  .  (24) 

I 

The  values  for  the  free  carrier  concentration  from  200°  to  800°  K  are  listed  on 
pages  A-12  through  A-18.  These  new.  free  carrier  concentrations  were  substituted 
into  Equations  (12)  and  (17)  to  calculate  the  absolute  signal  transmitted  at 
frequencies  ranging  from  2X  101.3  Hz  (15  pup)  to  1 1  X  1014  (0.27  /im).  When  the 
transmission  percentage  is  high,  the  germanium  samples  do  not  show  a  noticeable 
drop  in  transmission  to  about  500°  K.  The  silicon  does  not  show  a  drop  until 
about  650°  K.  Plots  of  this  data  can  be  found  in  Appendix) 'B  (Figures  B-5  and 
B-6).  1 

To  test  the  actual  RF  transmittance  of  both  silicon  and  germanium,  samp'es 
were  made  to  fit  a  jig  that  mated  with  precision,  7mm  connectors,:  (APC-7).  The 
samples  were  cut  and  polished  to  a  donut  shape,  with  a  hole  diameter  of  0.121  in. 
and  outside  diameter  of  0.2745  in.  Plane  surfaces  were  polished  with  6mm  diamond 
grit.  Two  different  length  samples  were  available;  0.127  in.  and  0  058  in.  The  three 
different  doping  levels  were;  7.5,  0.4,  and  0.1S2cm  for  germanium,  and  10,  1,  and 
0.4flcm  for  silicon.  When  a  sample  ii  placed  in  a  line,  the  impedance  of  the  line  at 
the  point  may  be  calculated. 


Z 


Sample  = 


R  +  jwL 
G  +  jioC 


(25) 
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where 


The  computed  values  of  Z  (impedance)  at  different  frequencies  for  the  various 
resistivities  are  listed  on  pages  A- 1 9  through  A-24. 

Using  these  values  of  calculated  impedance,  the  theoretical  transmittance  through 
the  sample  at  various  RF  frequencies  can  be  calculated.  From  two-port  theory,  the 
transmittance  is  found  to  be. 


Zy  =  50  n 
7  =  7  +  j0  • 

The  calculated  transmittance  is  listed  on  pages  A-25  through  A-36  (and  plotted  in 
Figures  B-8,  B-9,  B-l  I  and  B-13  in  Appendix  B)  for  frequencies  from  0.5  GHz  to 
12.5  GHz. 


9 


IV.  SAMPLE  MEASUREMENTS 


The  setup  used  to  make  actual  measurements  on  the  samples  is  shown  in 
Figure  1.  The  samples  were  held  in  the  test  jigs  with  rilver  conductive  paint.  Data 
were  taken  from  0.25  Hz  to  11.5  GHz  in  0.5  GHz  steps  Figures  B-7,  B-10  and  B-12 
show  the  results  of  these  tests.  Test  data  follow  fairiy  close  to  predicted  data  to 
about  50  dB  of  attenuation,  the  sensitivity  limit  of  the  Hewlett  Packard  (HP) 
network  analyzer.  The  measured  data  are  given  in  Tables  1  and  2. 

A  test  was  run  to  prove  the  importance  of  a  good  conductive  seal  between  the 
sample  and  the  test  jig  (see  Table  3).  The  first  test  was  run  without  the  use  of 
conductive  silver  paint  between  the  sample  and  the  jig  and  between  the  sample  and 
the  center  pin.  Tolerances  were  better  than  1/10,000  in.,  but  leakage  was  still  quite 
high.  A  second  run  was  made  with  only  the  center  pin  painted  and  leakage  was 
decreased.  In  the  third  test,  both  the  center  pin  and  the  sample-to-test-jig  joint  were 
painted  and  leakage  was  further  reduced.  The  limiting  factor  in  attenuation  for  any 
doped  semiconductor  will  be  the  seals  between  metal  and  the  semiconductor.  The 
only  sure  way  of  preventing  leakage  is  to  solder  the  gaps  with  low-temperature 
solder.  Measurements  made  with  the  test  setup  shown  in  Figure  1  show  as  much  as 
a  30  dB  reduction  in  attenuation  when  no  silver  conductive  paint  is  used  in  the 
gaps  between  the  test  jig  and  the  semiconductor  sample.  The  placement  of  the  test 
sample  in  the  test  jig  is  shown  in  Figure  2. 


* 
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FIGURE  1 


FIGURE  2 


Positioning  of  Sample  within  Jig 


TABLE  1 

MEASURED  ATTENTUATION  <dB)  OF  SILICON 
Freq.  Resistivity  (ft  cm) 


(GHz) 

10 

1 

0.127-in 

0.4 

10 

1 

0.058-in 

0.4 

0.25 

34.6 

19.5 

37.8 

4.0 

8.8 

18.1 

0.5 

16.0 

24.1 

26.8 

7.2 

14.9 

23.5 

1.0 

16.2 

27.2 

27.8 

8.4 

18.3 

26.1 

1.5 

16.7 

27.0 

29.9 

9.5 

19.9 

27.2 

2.0 

16.95 

28.95 

31.65 

10.25 

21.15 

28.45 

2.5 

17.1 

30.6 

34.0 

10.7 

21.8 

28.2 

3.0 

16.9 

32.1 

36.4 

10.6 

22.2 

29.6 

3.5 

17.2 

34.1 

39.0 

10.9 

23.0 

30.5 

4.0 

17.7 

36.2 

41.4 

11.4 

23.9 

32.0 

4.5 

17.7 

37.2 

43.5 

11.3 

23.9 

32.8 

5.0 

17.8 

38.8 

45.7 

11.4 

24.8 

33.7 

5.5 

17.7 

39.9 

47.3 

11.1 

25.8 

34.4 

6.0 

17.6 

41.6 

49.2 

11.5 

26.2 

35.2 

6.5 

18.4 

43.3 

50.4 

11.7 

26.3 

36.2 

7.0 

18.1 

44.3 

51.3 

11.6 

26.4 

36.8 

7.5 

18.2 

45.2 

52.0 

11.9 

26.7 

37.5 

8.0 

18.8 

46.1 

52.2 

11.7 

27.2 

38.5 

8.5 

19.7 

48.2 

52.1 

12.5 

27.8 

39.8 

9.0 

20.0 

49.7 

52.5 

12.7 

28.3 

40.9 

9.5 

19.7 

50.3 

53.2 

12.2 

28.4 

41.0 

10.0 

19.9 

50.5 

53.1 

11.5 

29.1 

40.8 

10.5 

20.6 

51.6 

53.4 

12.2 

30.4 

42.2 

11.0 

20.3 

51.8 

53.2 

12.8 

30.7 

42.7 

11.5 

20.7 

52.4 

52.8 

12.1 

30.6 

44.6 
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TABLE  2 


MEASURED  ATTENUATION  (d&)  OF  GERMANIUM 


Freq. 

Resistivity  (S2ctn) 

(GHz) 

7.5 

0.4 

0.1 

7.5 

0.127-in. 

0.058-in. 

0.25 

15.6 

22.8 

21.8 

1.7 

05 

17.0 

28.3 

28.0 

4.6 

1.0 

17.5 

30.3 

32.2 

8.1 

1.5 

17.9 

33  9 

37.5 

9.5 

2.0 

18.15 

37.55 

39.25 

10.25 

2.5 

18.3 

40.1 

41.7 

10.8 

3.0 

18.0 

43.0 

43.8 

11.3 

3.5 

18.2 

44.7 

46.0 

11.7 

4.0 

18.5 

48.7 

49.1 

12.2 

4.5 

18.4 

49.6 

48.5 

12.3 

5.0 

18.6 

51.5 

51.8 

12.4 

5.5 

18.5 

53.1 

52.9 

12.7 

6.0 

18.9 

54.0 

54.0 

13.2 

6.5 

19.3 

54.7 

54.1 

13.1 

7.0 

19.1 

55.2 

55.7 

12.9 

7.5 

19.1 

55.4 

55.6 

12.8 

8.0 

19.2 

55.5 

55.8 

13.4 

8.5 

19.8 

56.4 

56.4 

13.4 

9.0 

20.4 

56.5 

56.4 

13.3 

9.5 

20.3 

56.5 

56.5 

13.0 

10.0 

20.1 

56.4 

56.6 

13.3 

10.5 

20.8 

56.7 

57.0 

13.6 

11.0 

21.0 

56.6 

56.8 

13.4 

11.5 

21.0 

56.0 

56.0 

13.4 

13 
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TABLE  3 

EFFECT  OF  CONDUCTIVE  PAINTING  BETWEEN 
SAMPLE  AND  TEST  JIG  AND 
SAMPLE  AND  CENTER  PIN  ON  ATTENUATION 
(dB)  OF  0.127-in.  GERMANIUM  WITH 
RESISTIVITY  OF  0.4  Aon 


Freq. 

(GHz) 

Unpointed 

Painted  Pin 

Both  Painted 

0.2 

6.4 

12.1 

22.8 

0.5 

12.0 

19.2 

28.3 

i.o 

16.2 

23.9 

30.0 

I.S 

19.9 

27.7 

33.9 

2.0 

21.85 

30.25 

37.55 

2.5 

23.0 

32.7 

40.1 

3.0 

24.4 

34.0 

43.0 

3.5 

25.6 

35.4 

44.7 

4.0 

26.3 

35.1 

48.7 

4.5 

25.1 

35.5 

49.6 

5.0 

25.8 

35.3 

51.5 

5.5 

27.1 

35.9 

53.1 

6.0 

27.8 

37.0 

54.0 

6.5 

29.0 

37.4 

54.7 

7.0 

29.4 

37.5 

55.2 

7.5 

29.9 

38.2 

55.4 

8.0 

30.7 

39.2 

55.5 

8.5 

33.0 

40.0 

56.4 

9.0 

34.0 

40.8 

56.5 

9.5 

34.0 

41.5 

56.5 

10.0 

34.1 

43.0 

56.4 

10.5 

35.5 

44.7 

56.7 

11.0 

35.5 

45.0 

56.6 

14 


Infrared  transmission  measurements  perforated  at  the  Naval  Weapons  Center  at 
^n»a  Lake,  California  were  made  on  a  Perkm-Ehner  Model  137,  covering  the  2.5  to 
15pm  range.  The  samples  were  polished  with  I  pm  diamond  polish  before  the 
measurements  were  made.  These  China  Lake  measurements  led  to  a  recommendation 

tpeafywg  a  silicon  window  of  2  ±  .5  fi  cm  resistivity  and  polish  with  1/4  pm 
diamond  gnt 


VL  CONCLUSIONS  AND  RECOMMENDATIONS 


The  RF  measurements  show  that  the  microwave  absorption  in  doped 
senucondiKtors  increases  with  increasing  resistivity  until  about  100 12  cm  where  the 
absorption  drops  to  almost  zero.  A  2  ft  cm  sample  at  four  GHz  has  about  a  17% 
absorption  rate.  This  means  that  83%  of  the  over  100  dB  loss  at  microwave 
frequencies  is  caused  by  reflections  and  not  by  absorption  within  the  sample  which 
could  cause  heating.  Infrared  transmission  in  a  2  ft  cm  sample  is  51%.  This  value 
improves  only  to  54%  in  a  higher-purity  sample. 

It  is  recommended  that  a  silicon  window  of  2(+3  -  0.5  +  3.0)12  cm  resistivity 
polished  with  1/4  pm  diamond  grit  would  be  the  best  possible  filter  for  microwave 
frequencies  from  0.25  GHz  to  12.5  GHz.  This  resistivity  is  small  enough  to  produce 
a  fairly  large  reflectance  of  microwave  energy  to  reduce  the  xjssibility  of  heating  of 
the  window  by  absorbed  microwave  energy.  This  window  siiows  only  a  3%  reduction 
of  infrared  energy  over  the  intrinsic  material  while  attenuatinf  microwave  energy  by 
more  than  100  dB.  Due  to  the  high  likelihood  of  leakage  around  the  window,  it  is 
recommended  that  the  window  be  soldered  to  its  frame  with  a  V-shapc  metal  band 
to  take  up  changes  in  size  of  the  window  due  to  temperature  variation. 
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APPENDIX  A 
Test  Set-Up 


PROGRAM  ONE 


PPor?Ai  LOTH  (  INPUT  j  CO'i  PLY  >  0  °l,  >  T  A?L6=  "*0  aL  ) 

COM" LrX  T,Tl,T?,T3,TA,Tf\TN 

COMPLJX  T11,Th1,i<H0N,('T'.  ,!-l  ,0?,h3  ,*»*♦ 

RFAL  KO,MUO 

riME^TON  AMU ( 2) , AM (2)  , n  ( 2)  ,  C  (3)  ,  LA3CL  l?) 
OTMEMSION  Z(4),  WIOThd) 

DATA  Z/i.,2.,4.,^./ 

DATA  WinTH/.127,.C‘_?S.'V 

PI  =  3. 14159266^^032 

E*l. j--19 

AM'J(1  )=.■*«  - 

AMU(?) =.136 

fn=p . ">r-i? 

C0=  3  •  "+fi 

APA00=P,lir-31 

A^(l)=.12 

AM {? ) = . 26 

00  ?3C  M  =  l,3 

W p T T " ( ^  ,  12*  ) WT^TH ( 4-M ) 

126  FOR'Ml  ( 1H1 ,  v  i  HT?Kfl :  SS=  *FlU.6,* 

A  =  WT0H(4-H) 

0  (1  )  -i  .  ' 

0(2)  =3.^*2 
f 00=1. /CO 
r  (i)  =o.:>"no 
C ( 2 ) sl.L+21 
r  c  3  > =i.r  +  ?^ 

DATA  L  A  TFL  ( 1  )  /9WG r  pM  A NIU  1/ 

DATA  LAPEL  (?)  /7H«?TLIn0N/ 

CO  23 j  l P=l, ? 

MtlQ=AM0<LP)vAy(t.P) 

T  AL):  (MUO*  AMASS)  /" 

ON  r  0(Lp> 

AL3MA1=5*AM'I  (I. p )  /  ( 2 . *c  0*Cp*!  M ) 

PFTA1=  nt\*C0O 

391  WRIT' (A,  lin  )  LAh^l  CLP) 

395  0 FLF  =1  . 

DO  L  m  =  i,  3 

W  F I T  "  ( 6  ,  1 1~ ) "  (LM ) 

115  FO  -tM  AT  ( 1 G  X , *  DOF  T  MO  L  L  h'~L  *  ,  ~  1 .  3  ) 


1219 

110 


2 


FO=.  T -+oi 


WRIT- (& , 1 ?ll) 

FORMAT  (t;x,  ipy,  */s(  «'M„* 
Cf:=r-  (LM) 

FOP»*/JT(3CX,.".iO> 
no  ?3U  11=1, =. 
ro  2 3r  JJ  =  1,H 

F=7 ( JJ) *1p,**(TT+P) 

W=2#*°I*F 


,i7<,*9t.FLFCT*,t5x,»rao<;») 


BfTA  =lFTAl*w 
p  AT="n/i,i 


PATrPMPLX  (?AT,  ■).) 
?I^=''M°LX  (9£T  /' , 

PHO:J  =  nAT*SIN 

IF  (PHON.GT.l.^n  •»,/ 

R/>^r=i. 

GC  T nr 


U  pl= 1 ,-^MCK 

R2  =  r-l,5LV(l.,  ->.) 

P 3 = !••  ?  t  Show 
P4=Pl/*3 
PA.^=(  “  ^ S  f  ) 

t  C  .  C  6  IFUL-^r  .CT.  . j  y )  j 17,11 o 
117  TCT=  "  , 

no.  f'*  ii o 

110  X0=^*ric 

A/'  =  rLpHf  *A 

flf!=."^  *T<\ 

Al  =  (KO**  ?+-j'  7  A**?.aLpMfi  **?)  /  .,0 

ni=(',.*Aj»/K?i 

ti-c  y  f  a  i , r- 1 ) 

Tll=r.'PLX(Ap,  "  7) 

T2=r«5lN(Tll) 

TNl=+^.*pfTl 
TM2=-r.*Al=»HA 
TN11 =-TMl 
T3  =  CKPLX  (TN?,tM) 

Tt  i  =  c; i f»l  y  ( Ap,  *  i) 

Ta  =  CGpS(TAD 

Tr  =  T 1*  T  2  +  T?*T;. 

TM=Pw-'Ly  (TN?,TMi) 

T  =  Tf'/Tn 
TrirCf  ->S  (T) 

119  WRIT  _  ( ,  ,  1 2  ”>  )F,Ur-HM,"^K  t0t 

120  FCV'n(M:'V,ni.b)) 

230  roNTlMiF 

pi') 


TRANSMISSION  FROM  R.  F.  To  I.  R.  (ANSWERS) 


THICKN£SS=  .700300  INCHES 

GERMANIUM 


UOPING  LErfEL  .2506+20 


FREQUENCY  (Hz)  ALPHA  ABSORBTION  COEFF  .ew 

'~3  REFLECTION  COEFF. 

TRANSMISSION  COEFF. 

•  luduOE+lu 

•715636+02 

•750826+ JQ 

• 40675E+00 

•  200Oh£+1 J 

. 715626+  02 

. 653386*30 

.221076+23 

•400006+10 

. 71563E+G2 

.614946+00 

.191536+00 

.800306+10 

•7i55lE+u2 

.603856+33 

•182226+00 

• lOOuOE+11 

. 7la44£*  0  2 

. 60247E+30 

.179926+00 

.200006+11 

.714876+02 

•6G062E+33 

. 17501E+0C 

.4003 0t  +  ll 

•  712606+  Q2 

•600166+00 

. 185506+09 

.803GQE+U 

• 71365E+G2 

•bu0046+00 

.  18817E  +  0 3 

. lGCGuc+12 

•  697  086+02 

. 60  30  2c  +  30 

. 18Go7E+00 

.  23  00  3E  +  12 

. 64o7 86  +  02 

•600016+00 

.2O596E+00 

•4u0u06+12 

• 5ul92£+02 

•  SO  GO  0  6+  JJ 

• 2531hE+03 

. 80 JQ 06+12 

.26473^+02 

.600006+ JQ 

. 378136+03 

•  luOO  06  +  13 

•  1984bc.«-G2 

•&JOOOL+ JO 

•  50810c+C  0 

.2000  o£  +  13 

.614546+01 

•O00006+3G 

.536396+00 

•400006+13 

.16421L+G1 

.633006+30 

•  46594t +  0  3 

•  8090  06+13 

•417726+00 

.630006+30 

•  91938  t.  +  CO 

•  100006+14 

•2679j£+03 

.603006+33 

• 52292t +03 

•200006+14 

•671646-01 

.600006+03 

.524 Jl£+00 

•4000 06+14 

• 168036-01 

.603006+33 

.624296+00 

.8uflG0E+14 

•  42u 1h6-G2 

.600306+33 

. 52436u  +  0  3 

UOPING 

LEVEL  .13 Ju+22 

F 

ALPHA 

REFLECT 

TA3S 

. 1C0Q0E+1C 

•28&256+G4 

.993576+33 

.230916-23 

.200006+lu 

. 28625t+  04 

.998296+30 

. 464326-23 

. 40  30  06+ 1 0 

. 2862h6+  Oh 

•993276+00 

. 948996-23 

.800006+10 

•  2662  j£  +  Oh 

.974426+33 

.207286-22 

.  100006+11 

« 2 do 186  +  Oh 

.961476+00 

.277226-22 

.200306+11 

•  2  85  956  +  Oh 

. 88122£v JO 

.102966-21 

.400306+11 

•  285  OhE* oh 

.750046+30 

.136406-21 

•  80  00  06  +  11 

.2B14o£+0h 

.651856+33 

.142896-21 

.100006+12 

•  2  78  83b  +  04 

.63433t+3J 

.212516-21 

•203006+12 

.258716+04 

. 6u 7  966  +  3  0 

.692296-20 

•40QuQ£*12 

•  2 0 j  7  7t+  u4 

•60122E+ J J 

.201936-15 

.  8003  06  +  12 

•  1 05  896  +  04 

.600096+30 

.426036-05 

.100006+13 

.761846+03 

. 600036+30 

i-  587 526-06 

.200306+13 

.245826+0 3 

.600006+30 

.  80  919£-Cw 

.  43300t+13 

• 656846+02 

•6Q0o0E+00 

. 192506+00 

. 80000E+13 

. 167  C96+Q2 

.600GOE+33 

.578186+03 

. 100306+14 

.  1C7166  +  C2 

.600006+03 

.462836+03 

. 20  G  0  Gc+14 

•  26B6ot  +  U 1 

.600306+00 

•  509476  +  03 

•  400  0  36  +  14 

.672ii6+00 

.600006+00 

•52070 C+CC 

.  800  0  06+14 

•  lb8  066+  0  o 

. 63  0  0  06+  3  0 

.523466+00 

A-3 


DOPING  LEVtL  .«*£.** 

PV  111,1  ai».. 


FREQUENCY  (Hz)  Amu 

•10030£*10 
•£C0uge*i o 
•4GJuuE*lu 
•6G0d0£+10 
• lfiOuOE+ll 
•200uG£+j  i 

•  ^udJdt+H 
• fl«003t*ll 
•1U0C0£»i2 

•  2Ut3UG£>12 
•4oa«fl£E12 
• S0000E+12 

•  1000GO13 

•  200d0£«-i3 

.  •4G0G0E+li 

•  8000  G£*13 

•  100uGt  +  l«f 
•20000t*i4 
•4G0flo£+iH 

•  8G0uC£+lt 


□OPING 

F 

•lGOGGE+i j 
•^G J juE+1 j 
•4uQGQ£*i j 
•8GGdO£*lM 
• lGGG0E*ii 

•  2000GE+H 

•  4u0u0£*n 

•  8000  0£*l i 

•  IGOoOE+12 
•£G0j0£+12 
•4G0u0£+12 
•8G0GCE+12 

•  1000  0£+ 13 
•2000  G£*  13 

•  40  00  02*13 
•OOOoOE+13 
• 100G0E+14 
•2QQjQt*i4 

•  4000  ue>1h 

•  80000  £ +14 


a*orstkjn  coeff.**0'3 
•28o25£*Q6 
•28625E+06 
•>286242*06 

•  2  8620  c.  *06 
•286182*06 

•  28i95t+iio 
•285  Gh2*£5 
•281462*06 
• 27883t*0o 
•2587l£Ffio  * 

•2G077t*C6 
♦lCs892*db 

•  781 8*»t  ♦  05 
• 245822*05 
•65b842*64 

•  167  G92*  Of 

•  107 162*fl** 
•2c86oc*fl3 
•672llc*C2 
•168Co£+02 

.....  siucofii 

«-tVEL  •250S  +  20 
Alpha 

•2S95ot+£2 
•299552*02 
•29955l*Q2: 
•299532*02 

•  2995 1£*  £2 
•2993o2*Q2 
•296792*02 
•296522+02 

•29484l+02 
•281542*02 
•238492*02  ' 

• 147992*02 

•  ll52ut+02 
• 4C476t*Cl 

•1126J2+Q1 
•289672+00 

•  186G3£+0u 
•4672c ;  -  0 1 

•  Ho95C-0l 
•29247t-02 


WRttTKR  COEFF. 
•iO0uOE*31 

•  lotJCCE+ai 

•iooooefoi 

•103GG2+91 
• ludOOE+91 
•99993E+J0 

•  99993c* 30 
•999722*09 
•999552*00 
•997912*30 
•986562*03 
•868122*00 
•7675Q£*3fl 
•6J72Q£*jo 
•603132*30 
•639002*30 

•60 JOOE+33 

•bG JuG^+OO 
•60 3002*30 

•6G03£E*30 


REFLECT 

•60510E+00 

•5o359£*J0 

•551652*30 

•548552*00 

•  548162*  3  o 

•547682*00 
•547552*00 
•54752EF00 
•547522*00 
•547512*30 
•54751 £+00 

•  5475 1E  +  J0 

•  5475 12*0  3 
• 54751EFJ j 

•  547512*3  q 
• 5475lt*30 

•  5475lE*Qg 
• 547512*30 
•547512+00 
•547512*30 


▼RAWRISMONeOEFF. 
u  » 

9. 

3. 

0. 

9. 

a. 
o. 
o. 

j. 

b. 


o. 

3* 

O. 

9. 

• 12206E-5G 
•802942-13 

•  34O93E-(j0 

•539122-02 
• 19d£l£*3u 
•42675c*00 


tabs 

•  4816 Jc  +  OC 
•4298b£fC0 

•  382372*00 

•  41^33£+(J0 

•  457  062+00 
•447432*00 
•419572*00 
•377372*00 
•376 J32+CJ 
•469702*03 
•491262+03 
•5£Cb4£+03 
•49353E+00 
• 648762*03 

• 535252*0 0 

•  935672*03 
• 795582*£Q 
•6G34l£*00 

•  5  77  372*0  0 
•638612*03 


A-4 


DOPING 

cEOEl.  .1006422 

EOUENCV  Md  ALMA  AMONBTMN  COEFF.** 

HE  FLECTION  COEFF. 

.lQQi.bE+10 

.11982E»04 

•99792E430 

•2uQuuE* la 

• 119B2E+Q4 

•99180£4 JO 

.bu0but+la 

.119826404 

•  969G0E4-J3 

. SOGOGt^lu 

.1198 IE* M4 

.898016*00 

•iGOUuc^li 

• 11980t>u4 

•859206408 

.2G0i)0t4ll 

.11975c*G4 

•71154t 400 

•4G0uG£+ll 

•  H952t*04 

•6J484E400 

. 8JQuu£4ll 

•118616404 

•563286400 

•  lb0ilG£4l2 

.ll79»t*t^ 

.55763E400 

.2uOOGE*l2 

.11261t*04 

.549866400 

•  <*G0ilG£+12 

•95397E4 J3 

.547946400 

• dGDuOE+12 

.59197E+03 

.54755E40 0 

. 1GJ00E+13 

.4bo82t*  Go 

•54763E+00 

•2G00u£4l3 

•lfcl9uc*0 J 

.54751E400 

•4fiGuG£4l3 

. 4pu4ur*G2 

.547516400 

•  8u00  GE+13 

•115876+G2 

.547616*00 

•  itaQuOc+14 

• 744136401 

.54751E400 

<  200  JGt+l-* 

•  10b9G  £+01 

.54751E4J0 

•  4u0u0E«’14 

.467811*00 

•  5475164  j0 

•  duOiiGE*  J.4 

• 1169964 JO 

•547516* Jj 

DOPING 

LtVfcL  .loflc+24 

ALPHA 

REFLECT 

•  lOOi;OE+lu 

,11982£40o 

.100006401 

.2000  06410 

.11982u*G6 

•  10  00  06401 

. 4u0w  G£*1C 

.11982E+06 

.100006401 

. duOOGE+lJ 

.11981E+06 

.999996400 

.  1G00GE+11 

.  11  98jt_*06 

.999986400 

.  20Go  uE  +  ll 

.1197  56*06 

.999926400 

.400006411 

.119526406 

• 999666+GG 

«  30  Oi/Gt+lt 

•  11861c.*  66 

•998646* Ju 

•  J.GOuOE+12 

. 11 794t*uo 

.9978564U0 

.2G3u3E4i2 

.112616406 

.99U74E40J 

i.  4uGG uc.*  12 

•  95397u*  05 

.9530664 0  0 

. aoQuOE+12 

.591976405 

.756806400 

• IjGu GE+13 

•46082t*Q5 

. 6624464  J  0 

<  2000  Gt+l3 

,16l90t40» 

.552346400 

• 4u0 0 oE*l3 

. 450406404 

•54761E+ 00 

.  duuO  Qt  +  13 

.115876404 

•54751E400 

. lGOu  Ct  +  14 

.744l3t4fl3 

•54751E+30 

•  2000  Ct* 14 

.18590^403 

.5475164 JJ 

•  40  0 j  uE* 14 

.467  8l£402 

• 54751E40G 

•  duOG  GE* 14 

•  11o99£4  02 

.547516400 

TWANWNI1I0N  COtff. 

*  393836-10 

•  8G489E-13 
.1758GE-C9 
•51237E-09 
•55697E-C9 
•79456E-09 
•49362E-G9 
.5C797E-C9 
.5633GE-C9 
.14198E-G8 
• 30157E-G7 
• 188G5E-G4 
. 19362E-03 
.393656-01 
.29687E+0J 
.68991t>Ca 
• 66314E+G 0 
•5901G64G3 
.5741764GG 
.637636400 

TA9S 

0. 

u. 

a. 

j. 

o. 

a. 

o. 

a. 

o. 

o. 

o. 

o. 

o. 

o. 

• 116536-34 
• 791286-G9 
• 125&6E-G5 
.25231t-Cl 
.293896400 
•53934E+G0 


A-5 


THlCKNtSS- 


058000  INCHES 


GERMANIUM 


DOPING 

LEVEL  •25dt+2Q 

FREQUENCY  CM*)  ALPHA  arsorrtkm  coeff.*" 

REFLECTION  COEFF. 

TRANSMISSION  COEFF. 

•  iwOG  ul^Iu 

•  7 I5b3t+u2 

•75G82E+ JO 

•99792E+G0 

•2G JuGE+1 J 

• 715b2c+G2 

•65336E+30 

•93167E+GJ 

•4G0 J0E+10 

•71563E+Q2 

•61494E+0Q 

•74837E+C0 

•  8000  Ot+iO 

.7 l:>51£+02 

•60385E+00 

• 52385E+0G 

• ibOGQE+11 

•  7 154-*E+G2 

•60247E+Qd 

•47446E+G0 

•2oOGo£+ll 

•7l487iFC2 

•603622+00 

• 58162t+0u 

•400 juE+11 

•7126ul+G2 

•60315E+00 

•45335E+00 

•8G0G0£+11 

•  7  C3b5E+G2 

•600C4E+J0 

•68248E+G0 

.10Qu0£+12 

•  697  08t+  0  2 

•60002E+Q0 

• 77158E+0Q 

•2000GE+12 

•  6467 8c+ 0 2 

•60001E+J J 

•685752+00 

•40000E+12 

•51192E+02 

•6033GE+ J3 

. 534586+00 

•duGuuE+12 

•  2o473C  *•  G2 

•60000EFJ3 

•47367E+00 

•  1000GE  +  13 

•  19546E+  0  2 

•  60  0  G 0t+  0  3 

•55288E+GJ 

•2U000E+13 

•61454E+31 

•60Q00E+ J J 

•47759E+00 

■4000 GE+13 

•  1E421E+U 1 

•bOOOOt* JO 

•  77b38t  +  0  0 

•8000QE+13 

•41772E+00 

•6C0G0E+00 

• 56626E+ 3 0 

•  1000  GE  +  14 

■  2E  790E+  0  j 

.600G0E+JG 

• 76771E+0C 

•  2000 0E+14 

•67lb4c-Gl 

•6JGG0E+ GO 

• 55633E+03 

•430G0E+14 

• 1EoG3£-G1 

■  6G0G  OE  +  OO 

•  4S442E+0  J 

•duOuOE+14 

• 42u 14E-02 

•60 JGOE+OO 

•  71732E  +  C  J 

DOPING 

LEVEc.  .IOOl+22 

F 

alpha 

REFLECT 

TASS 

•  1000GE  +  1G 

•28o25C+Q4 

•  99957E*  JO 

•43225E-03 

■>  2G  00  GE+10 

■ 2b625E+04 

• 998292+ JO 

. 86d84E-03 

•  4u00  GE  +  10 

•2to24t+G4 

•99327E+J0 

• 1773GE-C2 

•8G0G0l+1u 

•  2  bo  2  u t* 04 

•974422+Ou 

•38486E-02 

. lOOGGE+11 

• 28ol8E+G4 

•961472+JG 

.512392-02 

•  2000 0E+11 

•  28595E+  G4 

•  83122E+-00 

• 1 8345E-G1 

•4000GE+11 

•  2  8:>04l  +  G4 

•75OC4E+J0 

•20947E-01 

•  8  00  o  GE+ 11 

•  2 8l4oE+  0*t 

•651852+J3 

•12240E-G1 

•  100  jGl+12 

•  278  6 3l+u4 

•63433E+G0 

.  11862E-G1 

•2GGGQE+12 

•25b 7lt+G4 

•6379&E+00 

.  14528E-01 

•  4G0u  GE  +  12 

•2Cu77l+l4 

•  60 122E  +  J  3 

•33362c-01 

•  8G0u  GE+12 

•1C589E+G4 

•  6G  0  G  9£*  0  0 

. 13264E+0o 

•1G00GE+13 

•78184E+03 

.60  00  3cFJ0 

• 20067E+00 

• 2G0u Qt+13 

•  24.>  82t  +  0  3 

•60000cF30 

•38437E+GG 

•4G0u QE+13 

•65ob4t+02 

•  60G0  0E  + jO 

•68777E+C0 

•  8uQlGE+13 

•lb7G9t+02 

•60 JOGt+OO 

•  55693c.  +  G  0 

• IOOuOE+Ih 

•Iu7lbt+G2 

•  6G  00  CEP  J 3 

•75302t+G3 

•  20  00  GE  +  14 

•2t86oE+01 

•  6u  Ou  0E*  J J 

•55492E+00 

•4GQ0QE+14 

•  67c:  1  lc>  G  0 

•oJGQOl+30 

•48418E+00 

•  80  Co u£  +  14 

. lfcb  0e>£  +  G  J 

•600uG£f 30 

•71713L+G0 

A-6 


JOPING 

LEVtL  .1602+24 

FREQUENCY  (Hz)  ALPHA  ABSORBTION  COEFF.**" 

REFLECTION  COEFF. 

TRANSMISSION  COEFF. 

.loaooE+io 

•286252+66 

.10  00  0E  +  0 1 

0. 

.2G0GGE+1« 

•28o252+06 

•lOOOOE+Ol 

0. 

•  4G0  j 02+1  j 

•  28o24t.+  b  b 

.10000E+J1 

0. 

•  AOQuuE+13 

•  2  662  0  £+06 

.10000E+J1 

0. 

.100002+11 

•26ol A2+6b 

.100002+01 

0. 

• 2000 02+ 11 

•  28595c.  +  0b 

• 99998E+30 

0. 

•  4u0u  uE  +  il 

.  2o5G4£  +  06 

• 99993E+00 

0. 

. AOQUOE+li 

•  28146L+  36 

.999722+00 

0. 

•  100002+12 

•  276832*06 

•  99955E  +  0  0 

0. 

.260GG2+12 

•  25  87  l£+0o 

•99791t+00 

0. 

.4G3U0E+12 

• 20u77£+06 

.966562+00 

0. 

.  8G  0 u  GE+12 

•  lb:>89E+0b 

. 86812E+G0 

0. 

.lOOJGt+13 

•  7  8184<_+05 

.7675QE+00 

Q. 

.200002+13 

•  24582t>05 

.607202+00 

0. 

•  4000  uE  +  13 

• 65o84E+04 

. 60013E+ 00 

.401672-04 

'  . 80 Ob  GE  + 13 

•  lb7  09c.  *04 

•  60  0  u  02+  J  0 

.545672-01 

•  100062+14 

•  107 loE+04 

.600002+00 

.133222+00 

•  2000  Ot  +  14 

•2666o£+03 

.6000  0t+03 

.408102+00 

•  4GQU  QE+14 

•672112+62 

.600C0E+00 

.459352*00 

•  800b  62+14 

•lbd6oE+02 

•60000E+J0 

•  698  08E  +  0  0 

SILICON 

DUPlNo 

LtVtL  .250c+20 

F 

alpha 

REFLECT 

TA3S 

•luOuGE+10 

.299562+02 

.60510E+J0 

.990  7  3E  +  GC 

. 2u 0 u  u£  + 1 J 

.299552+02 

.563592+00 

• 95257E+00 

•4uQGG£+1u 

.299552+02 

•55165E+00 

. 83925E  +  0  0 

•  AO 06 02+1 J 

•  29953t+  02 

. 54855E+  00 

.641872+00 

.  luOil  62  +  11 

.299512+02 

.548182+00 

• 582A32+G0 

•2000 02  +  11 

•  29936E+  02 

•547682+ JO 

.577  J42  +  C0 

•  4000  Gt+ 1 1 

.  29d792+  02 

•547552+00 

.572032+GC 

.  AuOoOE  +  11 

•29o52L+02 

.547522+00 

.589982+00 

.  igqgg£+i2 

.2940  42  +  62 

.54752E+00 

.562602+00 

•  2000  ut+12 

.281542+02 

.  54751E+  00 

.616182+00 

•  40 J j 02+12 

.  23A49E  +  02 

.547512+00 

• 53589E+C0 

.  AbOO  flt  +  12 

.147992+02 

.547512+00 

.826862+00 

.160602+13 

.1152u2+ii2 

.547512+00 

• 548502+G0 

.200002+13 

.4C476t+01 

.547512+00 

•  76473E  +  G  0 

•400602+13 

• 1126J2+01 

.547512+00 

.578952+00 

• OuOG bE  +  13 

.289b72+00 

•547512+00 

. 630462+00 

•  1000  bE+14 

•  18ou3t  +  00 

.54751E+00 

• 88265E+C0 

.2GQGGE  +  1<* 

,4672bE-Gl 

.547512+00 

. 70712E+00 

•  *♦006  u£  +  14 

•  1  lb95£-0 1 

.547512+00 

. 545212  +  0  0 

•  AGO J  GE  +  14 

.292472-02 

.547512+00 

.872122+00 

A-7 


DOPING  LEVtL  .1034+22 


FREQUENCY  (Hz)  ALPHA  ABSORB'D  ON  COEFF.1 

.100002+13 

.119822+04 

•  200  0 0E+1Q 

. 11982c+u4 

•  4 G 30  02  +  1 j 

.  1 1982c+Q4 

.8G0GU2+13 

*  1 1981E  +  G4 

.lOOQQt+li 

. 1 198  jc+  C  4 

•  2uGu  lit+ll 

»H97pl  +  u4 

•  4t JUut+11 

. 11952c+34 

• 8G0GG2+11 

.  110612  +  G4 

•  lu  Go Ct.+ 12 

.11 7942+  G  4 

•  2c  0  0 02+ 12 

•  11261L+  G4 

•  4flflu  02  +  12 

•  993  97  L  +  0  3 

.8u000c+12 

•  591 9  7c  +  0  3 

•  loQO G2  +  13 

. 4to  822+  3  3 

•  2  GO  u 0E+ 13 

.lbl9J2+G3 

•  4G0G  02+13 

•  45o4jc.  +  G2 

•  8  COG  02+ 1 3 

.11p87l+G2 

.  IgOOOE+14 

•  744 1 o£  +  G 1 

•  2  GOu  02  +  14 

•  ldo9G-+  G1 

•  4G0G  0t  +  l4 

•  4b7  8 ie  +  0  J 

»  8  00  j  G2  + 14 

«llo99t+0J 

DOPING 

llOLl  .1G0E+24 

F 

Alpha 

.  lcOd  G2+1J 

. 119d22+  06 

• 2G0uGE+l J 

•119822+0o 

•4oQuut+lu 

•  11982c.+  Go 

•  do  Ou GE  +  10 

•  11 981c+  Oo 

. 1G0G  u£  +  li 

•  ll9doi_+Go 

.2GQQCE  +  U 

•  11975l  +  Go 

•4C JGOE+ll 

.  119522  +  Go 

•  8G0G  GE  +  ll 

.  1186lL  +  Gb 

. 1C0GQ2+12 

« 1 1  7  9  4t  +  3  o 

•  20  Ou OE  +  12 

•  11261t  +  uo 

•  4U0G  G2  +  12 

«9:o97l+Gp 

. duQGOE+12 

•  59l97t_  +  G5 

. 1GQG  Ut+13 

•  46u  822+  C  5 

•2uQuOE+13 

.161902+03 

.4G00GE+13 

•4Do40c+u4 

•  8000  02  + 1 3 

•  1 15  6  7c  +  04 

•  IGOO  oE  +  14 

«74h132+uo 

» 20 0 G  02+ 14 

.1m690c+G3 

•  400u  o£  +  14 

*4o7812+G2 

.  8003  Ot  +  14 

.  11699t_+G2 

REFLECTION  COEFF.. 

TRANSMISSION  COEFF. 

. 997922+  GG 

.12402E-01 

.991802+00 

*  25262E-01 

. 9690  0E  +  00 

.54466E-01 

•898Q1E+30 

.151872+00 

. 8592  0E+  30 

•24927E+G0 

.71134E+J0 

. 23935E+00 

. fa0484£+  3  0 

.14^952+00 

.563282+00 

•  1267  8E+00 

.557632+30 

. 126252+00 

.  54986E+  0  3 

. 13366E+0G 

. 54794c  +  J  0 

. 16920E+G0 

.547552+00 

. 30333E+G0 

.547532+00 

. 333ul£+GC 

.  547512+  0 G 

. 59101E+00 

.547512+00 

•  55524E  +  0  G 

•  5475 lt  +  J  3 

.622692+00 

.547512+  33 

. 86913E  +  0  0 

.547512+30 

. 7o536£+0G 

.5475 12+  0  J 

.545312+00 

•  5475 1L+  3  0 

. 87191E+0G 

lFlEG  T 

TABS 

.  1000  02  +  01 

0. 

.  1C0G0E  +  01 

0. 

.1G00GE+J1 

3. 

.999992+33 

0. 

.999982+30 

3. 

.999922+30 

0. 

.999662+00 

3. 

.998642+00 

J. 

•  99785t  +  00 

0. 

«99074t+j0 

3. 

.933u62+JJ 

0. 

•756802+00 

0. 

.662442+00 

0. 

.552344+30 

0. 

.54761t+00 

. 919782-03 

.547512+00 

.  126732  +  00 

.547512+30 

. 240072+00 

. 5475 12+  J  0 

. 54G72E+0 J 

. 54  75 1E+  3  0 

.  524  J1E  +  0  0 

.547512+00 

. 65. 1. 242  +  00 

THICKNESS= 


127000  INCHES 


OOPING  LULL 

FREQUENCY  (Hi)  ALPHA 

•  1G0Q  0E+10 

•  2C  00 GE  + 1 0 

•  ‘♦GQuOE  +  lC 
.8GQ00E+10 
. lG00Gt+ll 
•2G000E+11 
. 4u0 G0E+11 
•8G0Q0E+11 
. 1C0Q0E+12 
.2uOOOE+12 

•  40  00 0E+12 
.8G0C0E+12 

•  1C  00  0E  +  13 
»2uC0  0E+13 

•  4000  0E  +  13 
.8G00GE+13 

•  10  Ql  uE  +  14 

•  20 00  QE+ 14 
. 4000  OE+14 

•  du 0 u  0£+l<+ 

JOPlNu  LtVtL 
f  alpha 


•  IQQOOE+IQ 

•  2  8b25c.+  04 

•  2  G  3  0  GE  + 1 u 

•  28b25t+G4 

« 400G OE  +  lu 

•  2  8b2  *♦£  ♦  G4 

•8u0G0E+lG 

•  2  8o2  Jc.  +  04 

.  1000  QE  +  11 

•26o18l+Q4 

.2C00CE+11 

•  26595E+  0«* 

.4G0uQE+ll 

•  2  85  G^b ♦ 04 

•  8000  QE  +  11 

•  2  814oE+  04 

• luO JuE+12 

•27883E+0O 

.2G0u0E+12 

•  25871c  +  ‘]<t 

.4GGQ0E+12 

•  2  u«  77t  +  u4 

. 80QGGE+12 

. 1 Cb8  JE+  C4 

•lGOGut+13 

.7818*6+03 

• 200006+13 

•  24:;  82L  +  G  J 

•4U00GE+13 

•65o84t+02 

.80Jo  QE  +  13 

•  Ifc7u9t  +  02 

. i000Qb+14 

•lU/16c+G2 

.2000 OE+14 

•  2b8bOL+  01 

.*♦000  0E+  14 

.672116+0 j 

•8Q0uu£+14 

.168u6L+0J 

REFLECTION  COEFF. 

TRANSMISSION  COEFF 

.753826+03 

• 98528E+00 

• 65338E+0C 

• 75G33E+00 

.bH*94E  +  00 

•49C53E+00 

.6G385E+J0 

.4558CE+C3 

•6Q247b+GQ 

.57242E+00 

.600626+00 

.47313C+GC 

•6GU15E+ J9 

.419576+00 

.  60  0  0  46  +  J  0 

• 6G134E+0 0 

•  60  0  0  2t  ♦•0  0 

.42846E+G0 

•600C1E+00 

• 5417CE+G0 

•  60  00  06+  j  0 

• 44379E+G0 

•  60C0  0E  +  00 

•  63958E  +  0  J 

•oOGOuE+JO 

.87493u+C0 

.600006+30 

. 93283E+0Q 

•60flG0b+J J 

. 887596  +  0  3 

•  60  0  0  GE  +  J  0 

• 72139E+GQ 

. 60  0  G  OL  +  J  J 

•  65 l  93E  +  G  0 

.buQOGE+OJ 

•  48C  39E  +  0  0 

•  bu 0  0  «C + 0  0 

• 768G36+QG 

•bGQOGE+GQ 

• 55636E+GG 

REFLECT 

TABS 

•  9995  7t  +  J  0 

•28632E-C5 

.  99829E+JG 

.575566-05 

.993276+ uJ 

.117486-04 

•  9744  2  b*  0  0 

•25523E-G4 

.961476+00 

» 34C  3GE-C4 

. 88l22t+ JQ 

.12215E-C3 

• 750 J4b+ JO 

•14176E-C3 

•65185L+G0 

.  881  97  £-04 

•  b343  3E + J  0 

. 89497E-C4 

•6G796E+ JO 

. 15596E-13 

.631226+33 

•  989126-u  3 

.600G9E+J0 

•21G3JE-C1 

•  bO  0  G  36  +  0  0 

• 51511E-01 

•  60  GO  06+  J J 

.31171E+GG 

•6JQuG6+3J 

•  642  09E  +  0  G 

•oQGOOE+JG 

•67995E+00 

.600006+00 

.631 19E  +  C  0 

•  bu  0  G  0  6+  3  u 

. 47839E+G J 

.6000  CE  +  JO 

. 7b6  0 JE  +  C  J 

•  6C0C  06  + JO 

.55617E+C0 

GERrtAHIUH 
250E+2G 

ABSORBTION  COEFF,cm 

•  7  1:>63E  +  o2 
• 7l5b2c+G2 

•  7156 JE  +  C  2 
. 7l55it  +  t,2 
•71544E+Q2 
•7l487fc+G2 

•  71260E  +  0  2 
• 7£3b5c+C2 

•  697  08c+02 

•  64o7.d£+G2 

•  5l1.92£  +  02 
.2647Jt+G2 
• 19546E+02 
• 6i454c+Qi 

•  1642 lt  +  Gl 
•41772E+Q0 
•26790t+0u 
•67164E-Q1 

•  168  u  3c-*Gi 

•  42u1‘4l-G2 
lu 06  +  22 


A-9 


DOPING  LEVEL  .1006*24  3 

FREQUENCY  (Hi)  ALPHA  ABSORB'D  ON  COEFF.0"  REFLECTION  COEFF.  TRANSMISSION  COEFF. 


.ioooqe+u 

•286256*06 

.  100306*01 

0. 

•  2000  G6*10 

•  286256*06 

.1G00CE+01 

0. 

•  40 0 3 GE*1 J 

.2ba24t+G6 

•100006+01 

3. 

.800uQE*10 

.286236*06 

.100006+31 

0. 

•  100006*11 

•286186*06 

.  1Q0QGE+01 

0. 

•  200liu£+ll 

.285956*36 

•999986*30 

3. 

•  4000  06*11 

.285G4t*G6 

.  999936+ 33 

3. 

. 800u0t+ll 

•  28 ) 466*  ub 

•99972E+30 

0. 

• 100006*12 

•  27883L+  36 

.99955E+0Q 

3. 

•  200306*12 

•  2587 16*0  b 

• 997916*33 

3. 

.4000 06*12 

•2Gu77£*ub 

• 986566*03 

0. 

• 8C0G0E+12 

• 1G5896+Q6 

. 868126+30 

3. 

• lOQGQE+13 

.78184L+G5 

.7b75GE+00 

0. 

.2u0QGE*13 

•  245826*  05 

•6G72CE+G3 

0. 

•  4000  06*13 

■  bboB^L*  04 

•633136+jG 

«•  40211E-C9 

.800006+13 

•  167 ij  36 ♦  04 

•633006+00 

.232016-02 

• 1G0G u£*14 

.107 166*04 

<6Gu00£+Qj 

.201826-01 

•203006+14 

•  26B6bc.*  0  3 

. 60  0  0  0 c*  3  0 

•  254446*03 

•  4000  Q£+l*t 

.67211c. 402 

•600006+00 

• 58631E+G3 

•  8  0  0u  QE  + 14 

•  lb6  UbL*02 

.600006+30 

. 53624E*G ] 

SILICON 

DOPING 

LEVEL  .25 Jc+20 

F 

alpha 

REFLECT 

TADS 

• lQOCOt+lG 

.2995oe+G2 

•b05106*G0 

. 955566*0  3 

•2G0bQ£*lu 

.299556+02 

.563596*30 

• 81907E*CG 

•40 3006+1 0 

•299556*02 

• 551656*00 

.608356*00 

• 800006+10 

•  29953  6+  C  2 

. 54855 6  + o  0 

• 52u69E*0G 

. l&0u&£+li 

•  2  995  lc.*  0  2 

.543186*00 

.597336*00 

=200006+11 

.299366+G2 

• 547686+33 

.511926*00 

.400006+11 

.2987  9t*02 

•  547556  +  30 

. 819586*00 

. 8lQ00l+11 

.296526+02 

• 547526+uG 

.763436*03 

. 10330t*12 

•  29h8‘*£'*-Q2 

.547526+00 

.545516*00 

•  200 J Gt  +  12 

.2fl6<.£+02 

•54751E+J0 

. 58634E*0  0 

. 4u  ju  06  +  12 

•  2«i8496*  u2 

.54751E+30 

• 52676E+C0 

• 8GQiiO£  +  12 

•  147  996+G2 

»54751E+0Q 

• 75276E*00 

•  1000  Gc+13 

.  1152  3 1.*  0  2 

• 54751E+00 

.53194E+G0 

•  20  QG  G6  +  1 3 

•4t47b£*Gl 

.547516+00 

.888386*00 

• 400o G6  +  13 

.  1126  ul  +  OI 

. 5475  It*  3  0 

.74  3  836*  G  G 

.800006*13 

•  2896  7c.-*-  0  j 

•5475iE*G0 

•  563616*0  0 

.  100306+14 

.  itioo3t+G  0 

.54751t+33 

•  53915E  +  0Q 

.2GQGG6+14 

• 4672ot-01 

•54751l*00 

.985176*03 

.400006+14 

. 11695t~01 

.547516*03 

. 94583E*00 

. 8G0CQE+14 

.29247t-02 

.54751E*30 

•  833  99E  +  GG 

A-IO 


UOPINb  LcWtL  .163022  _3 

FREOUENCY  (Hz)  ALFHA  MtOMTNM  COEFF.**  REFLECTION  COCFF. 

TIUMMWtOM  COCI 

• ID J3G£+lu 

•11982E+04 

•99792E+30 

.147642*02 

•2uQuGE*l j 

•119822*64 

•99180E+33 

•  3G1672-G2 

•400ou£*lG 

•  Il9b2£*u** 

•96900E+6G 

. 65337E-02 

•  80QC  Ot  +  IG 

•11981E+04 

•  8986  IE* 3 6 

.191642-31 

.10000E*11 

. 119832+04 

•85920E+G0 

.320472-01 

.2Q03GE*11 

•11975E+G4 

.71154E*00 

•29452E-01 

• 4uOGu£*ll 

• 11952E+Q4 

• 634 84E+00 

•176942-Ci 

.  8uGuu£*il 

•  11861O04 

.563262*33 

• 159532-01 

.  100uGE*12 

.ll79«*c*G4 

•55763E+00 

. lbG39E-Gl 

•  2000  GE*  12 

.112612*64 

.549862*00 

.186352-01 

• 4G0u0t*12 

•  96397oG3 

•54794E* JO 

. 32288E-G1 

.80000E*12 

•591972*  03 

.547552*00 

• 10410E+CC 

•  luOO  Gc*13 

•46u822*03 

.547532*00 

• 156082*00 

• 2G3u GE+13 

•  lbl902*0  3 

•547512*60 

•453962+G J 

•40GGQE+13 

•450402+  02 

• 54751E+30 

•  64w  33E*0  J 

. 8G000E+13 

•  1 13  872*  G2 

• 54751E* JO 

•55135E*00 

•  1G0G  GE  +  14 

.744132*61 

•547512*30 

. 53227E+C3 

•2G00GE+14 

•  16o9uoP1 

.547512*00 

. 97482£*G0 

•4GQ0GE+14 

•  467812*  C  j 

•547512* jO 

. 94352E+00 

•  8 GOG  Cc*l*+ 

•  116990  G  J 

•54751E+00 

. 8306G£*0G 

DOPING 

F 

LcULL  .106024 

alpha 

REFLECT 

TA3S 

• IGOuOE+io 

•11982E*6o 

•lOGOQc+31 

J  • 

>  2G0u  GE  +  13 

•  119822«-G6 

.1000GE*ul 

G. 

.  <*GOOGE*lu 

•  119822*66 

•  100002*01 

0. 

•  80  0  o GE* 1 j 

•  119810  06 

• 99999E+30 

0. 

. 100 j  GE+11 

. 119862+06 

•  999982*30 

0. 

. 2G0u Gt+11 

•  1 19750  G6 

•99392E+60 

G. 

•  uQG  u£+ll 

• 11952C+G6 

•99966E+00 

0. 

• 8G0gQc+11 

. 118blE+06 

.998642+30 

0. 

.  1G0GGE+12 

. 117942+Gb 

• 997852*03 

u  • 

•  2o00  GE  +  12 

• 112bl£+0o 

•  99374O30 

0. 

.‘♦OOGGc+12 

•  953  972*  G5 

■ 953662+30 

u. 

. 3G00GE+12 

•  59197005 

•7568QE+00 

0. 

•  lOGvJ  GE+13 

•  4ou02O05 

•662442+0G 

Q. 

•  20  0  0  00 13 

• lb!9 j£*05 

•55234E+00 

0. 

•  4uQj  GE  +  13 

•45G4C2*  G  4 

•  547612+  0  0 

•34316E-06 

. 8G0d0t*13 

•  11387  OQ4 

•547512+30 

•16671E-G1 

•  1G0G 02+14 

•  7  ‘♦413c*  G  3 

•  5475  IE*  J  0 

•633412-01 

•  2G0u  Ot  +  14 

.  Idb9  JO  0  3 

•54751E+00 

•  41985c*  C  0 

*  4uQ0  Go 14 

•4b7812+G2 

» 54751c*  3  0 

•  74776E  +  G  C 

•  80 0  u  Gc* 14 

•  1 lo992  +  02 

•  5475 1E*3  0 

• 7919GE*Gu 

A-l  1 


PROGRAM  TWO 


FREE  CARRIER  CONCENTRATION  FROM  200*K  TO  flOQTK 

bfcOIAMJUH 


THIUUC*?«=  *127  003  AhuK ci 

FUt.JJL.Ml  .2d00fl£*l« 

mtiMiuiri  oorag  imL*"'1 

200*  OOOOu 

.id«00t.*22 

■  •»7o3  9c*d0 

250.00U&0 

•111004c.  *22 

•  •»7634c*00 

300.  OdOUd  -■wilbbpu 

•10 2376*22 

•  «763<»£*90 

350.  000<i0 

.126096*22 

. -»77o>o*00 

<*«o.oo-;od 

.26162 1.*22 

.  -*7>b3c*00 

<»50.0d00b 

.762551.  *22 

•  <*63900*00 

500. OdUOO 

.  .229736*23 

.-*29<*-.c*& J 

550. OOOud 

•> 697 7c *23 

. 36353. *00 

600. 00 Odd 

.I32b3c*2<* 

•  I9o3ic.*ti0 

650.  Oddi'O 

.2oo9oc<i  <» 

.  b31Illc'0l 

700. OuflOd 

•  ♦9196c  *2<t 

. 907 /ac-02 

750. OOuuu 

.6  3927c*2>* 

•  •.■***02c.-03 

000. OOuUU 

*13a03c*25 

^RcuJoRCY 

■  30000c.*!-* 

TEHPEKAlUKt 
200*  OOilOD 
250. QUduu 
300.  Oiluilu 
350.  Otiuiiv 


UOHlNG  LzVt.i. 
.10000022 
.100040-22 
.1 0237c ♦22 
«129U?c*22 


Mji 

.  >  Oo/  UtOO 

•  <*Oo/lc*  00 

•  allotiJ-  *0d 
. jOuiOw+UO 


**00.  Ouddo 


.2blt>2i.*22 


•  ;»0.*47- *00 


<*50.  Uddtiii 


.7  r259&*22 


.  h4^2o«.*0u 


500.  Udduc 
550. OOuQu 
600.  OOdOb 
650. do Juu 
700.  OduUo 
750. OdOUd 
600. UOdUu 

*  1-KcJJc.AoV 

ItHPtKATU.ic 
200.  OddUu 
250. OduOu 
300.  0000.. 

3 0  •  0  0  dd  d 
<*00.  0J0i!b 
<♦60.  OdUUd 
?  0  U. OdOuJ 
550.  Jdubu 
600. OObUd 
650. Oddbu 
700.  UOlidb 
75  0.  0  Oddu 
600.  OJJOu 


•2 -973c*23 
. »an77c*23 
.1  J2b3c*2<. 
.2o39ow*2«* 

•  ■♦9i0ot.*2<* 

.d  3927 1  +  71* 
.13?U3t*25 

•  -.£>  01)  Oct-i*  (Hz) 
JdHANb  CwVcu 
« 1 Od  UUc *22 
.1  00  04c*22 
.1  Q237t*22 

•  1  2o  0?c  +  22 
.2oio2t*22 

•  7  o  d:s»9c+22 
•229/ 3c *23 

•  >  0  97/c*2.i 

•  132o3c  *2*. 

•  2oo9ol*2-* 

•  ■*410ou  +  2^ 
«.»3627t.  *2"* 

•  136  03c  <-2  j 


.■*622./c.*GJ 
.-*3:»9bctdU 
.  3;  312_  *■  0  0 

•  22211c* Jo 

•  'ij-ili  C-Oi 
.2vl44c-Ul 
.3s.162c.-dc 

TMii9 

. / ooGQu.*0 3 

•  7  ooOJbtOd 
. 7o64:>_*Q0 
. 7o.»-*ic*0  J 
.  7 o2o<*c*  0  0 
. /al91c*0J 
.  7 <!ld*./0d 
•o^whjc+03 

•  ?  3oO-*c  +  dU 
.  3o33l.  *Ud 

•  22o<*3c*  d  w 
. I0t5 oc+  0  J 
• 3^2dic-0i 


A-12 


» 


rKcJUcrftY 


zea.a&wDu 
250.0 000 u 
3oo.ouuoo 
350.00000 
400.  000U0 
458. OOdUO 
508.80000 
558. QOObu 
600.  ilUQdb 
658. DOudO 
708.00000 
750. OOOoO 

rcNP£*A7U«c 
200. Ouuud 
250. OOuuu 
300. OOuuu 
350.00u0o 
•*00.  0  JOuO 
490. OdJUu 
500.  OdudO 
550. OudUO 
bOQ.  OoOiiu 
650.  OJGuQ 
700.  OOdUO 
750. OOuuu 

6  00.  Odiiuu 

TcHPEKAIUKc 
200. OGdd  Q 
250.  uOitdu 
300. DOudO 
350. Ouuuo 
400. Odduu 
450. QGuUO 
500.  0  dud u 
550. 00000 
600. OUUUO 
650. OOuuu 

7  00. OuddO 
750. OOuuu 
6 00. OOdOu 


FKcUUt,*i,Y 


-KuJJc..4oy 


.  9li008t>l'* 

•  ltfOAOc .*22 
•I0u09c422 

•10237c422 
.12685C422 
•2  6162c  *>22 
•7o25?c422 
.22973C423 
•56977c 423 

•  13263t  42<* 
•2oo9oc424 
.■»9106c42h 

•  4  392/^42* 

*1.39 fijic .t2a» . . 

. oO  OdOc+l* 

JuPirib  LtWtL 
.1  QCOOc.422 
•10  0  09c.  4  22 
.10237C4 22 
.12b09c422 
•2olb2<.422 
•7dC9>c422 
.22973c423 
.j»977c423 
.li2biC42<* 
«2bb9oc.42t 
•*9iUoi.*2<* 

. a  3927 c 42** 

•1 3»03c425 

. 7QOdQc4l* 

JuPlNG  LcVEc 

•  1  00  QOc.422 
.ldOOdt+22 
.!02a7c+22 
.  12oUpc422 
•2o1o2c422 
.7o253t422 
.22973C423 

•  9o977c423 
.  1 32b3c.  424 
«2ds9oc.42‘* 

91 0uu42‘t 

•  a  3927c.42h 

•  13uU3c.425  - 3.7  micron. 


•92933C4QQ 

•929326408 

•929276400 
.923716403 
•925536400 
.  9133<*c400 
•67930C4OO 

•  60o29c4|)0 

•  o6J^9C.4  0  0 

•9222ic430 

.353236400 

•20b2ac4Qd 

Hris 

• 56rt7oc4flu 
.9b376c4d  0 
»?uo7.?c.4du 
t 9OOO3C4U0 
•56dl9c40d 
. 9boldc400 
*5b042c4dd 

•  9-.O99C.4Q0 
.9l799c4dd 
. 4oo12c40G 

• 3b9llc4d0 

*260oic4d0 

.17  327  c* d 0 

TAoa 

»47fl91c*0u 
.4  709 lc.4  U 0 

•  4  7 0 9l t.  4  0 d 
•47U4/c4dO 

•  •*702oc4d0 
#4o9‘*>.C.4UU 
.  ‘♦o7Q3c.4  Q  0  '■ 

. tbl20c4 00 
•446626403 
.429016400 

.3632 be  400 
. 3 lo37 6400 
.233d0c4U0 


A-13 


TEMPERATURE*  K 
200.00000 
250.  OQGuQ 
400*  GuGUu 
350. d  UQu  Q 
•♦00.  0  JUG  j 
45Q.0000u 
500. OOuOu 
550. 00000 
bOO.  OOuOu 
b5  0. UOduO 
700. GuuOu 
750. 00000 
600. OOUOO 

Tt.MPc.kA  Take 
200. OOuu J 
250. OuOOu 
300.0 JOuu 
350.  OOOUu 
<♦00.  OOuOO 
<♦50.  0  J U  j  u 
50  0.  0  0  JO  u 
550. OOJUu 
600. OOOuu 
b50. OQOOU 
700. goouu 
750.  0  0  U  u  0 
0  C  0 . OJuuU 

Tc.MPc.K4 I Ukc 
200. OOuOu 
250. OOuOu 
300. OOUOO 
Zi  3  L)  j  J  j 
4i  J  000  o 

49  0.  0 0  00  u 

pO  0. OOuJu 
p50. OOuu  j 
600. OOuuO 
09 0. 0  0  JO  0 
7  00. OOOuU 
7p0.  0  Jviu  o 

600.  0  0  00  j 


'kci  Jci«i/Y 


r Kc9Jc9bY 


*  Kl.  Jc  ♦  Y 


. 30  DO  0  c+l4 

DOTING  LEVEL*" 

transmission  coeff 

.1 00  GOc+22 

•99O17c+00 

.1 0009c. -*-22 

•  99Cll  C+Q  0 

•  102  37t.  +  22 

. 99ol7c  +  0  0 

.x2o05t422 

. 99o12c+0 J 

.2  olo2c+22 

•  9  9909C+  U  J 

•  7  3255c+22 

.99-»02c4U  0 

.22973c+23 

.991/ 9_  +  0O 

•9 39/ 7c+23 

•  94499C  +  -J  J 

.1 3263c+24 

.  92997c  +  U0 

•2oo9ot+2t 

.  >  0  Id  9c  +  0  0 

•  ■»910oc+24 

.  -+99OCC+00 

.3  3527c  ■♦■24 

.  3673-.  ci-  0  0 

.  1«>9  03c  t“25 

.300 1hc+  U  0 

• 9U0dU  Ctl-. 

Lli/cl 

T  Add 

•  1  Uu  00c  +22 

•  9U-9  0Tw  +  Ud 

.1 GUd3c+22 

. 9U9u3c+0u 

•1 G237l+22 

.  90dc2i.+  0  j 

•  i2bG5t.+22 

.  9  0 9*.oc+  0  0 

•  2  bl 62c  +  22 

.  90-»9ti.  +  ijiJ 

•  7  o29jl+22 

.90103c+0j 

.229/ 3c +23 

.a5j99c+uj 

.909/7  c  +  23 

»oo7  o.ctOu 

.1 o2o3c+24 

. 62  27  7  c+  0  0 

•  2  o  o9oc  4  24 

.74991C+0 J 

•  •♦91  Ooc  +24 

•  0  47  4  *.C  +  0  0 

.3  39  27 c  +  24 

»  9  2  p2uc  +  J  J 

•  i.  3903c  +  25 

•  397/2-.  00 

.  lOQJGc+lu  -3  micron. 


JUHXWU  C-Wt 

•  1 d  0  0  0  c  +  2  2 
.  1  0  0  U'9c  +  22 
.1  0'37i.+22 
.i.2a  Upt+22 
.2  olo2c+22 
.*  o2i-pu  +  22 

•  2  2  973c +2  3 
« 9  6  9/  7c  +  23 
»l  3co3c+24 

•  2oo9jc  +  2*t 

•  -»  Pi  UOC  +  24 
•OC92/C  v2t 
.139  0  3c.  +  2  9 


Irtji 

.  7 9h/ 3c  +  0  J 
.7  9  7  o  ♦  u  Q 
•79*77c+JJ 
.  7  9tl>9,.+  0  J 
»7  9t1:>,_  +  U0 

•  7  9  22  oc+  0  0 
. 7  doo  9  ct 0  o 
.  77  3t»iw  +  u  0 

•  7<t7o2c  +  UQ 
.  70273ctO  3 
. uuto 1- *  0  J 

.  43y-.2_  +  j  o 


A-14 


K  4_  J  J  u»i  o  y 

.  1100  Jc. Tip  Hz 

TEMPERATURE”  k 

DOPING  LEVEL0"  3 

TRANSMISSION  COEFF. 

200. OuuGu 

.1 Ju JOc+22 

. 9l9Pp£+03 

250. OOJU  J 

.1 JJUJl+22 

. 9  19902+  0  0 

300.  iltij J  u 

•1 U237t+22 

.  9  1  9904.  +  0  U 

350.  QtiiiUu 

•12o0?£+22 

. 91994c  +  00 

*♦00. OOOUU 

.2  oio2c+22 

.  9  ly*2c  +  0  J 

45  0. U  U J J  u 

•  7  oZ  9PC.+22 

.  9  1  49  J«-  +  0  U 

90  0*  0  0  Ju  u 

.2297 3;.  +  23 

•  p1372c.  +  J0 

990  .0  J  GO  0 

•  jo^i  7w+23 

.  p10o’J£  +  00 

50  0. 0  Juuu 

.1  32  biu  +2  * 

•yO*3o2+UJ 

os  0. 00 J Jl 

•2uo9ou+2* 

.  *92obc.  +  00 

700. u  J  J  u  u 

•*9i0ou+2* 

.  *729*2  +00 

79 0 .  UOOju 

■  o3927l+2* 

•  **Uc.oi2+Q  U 

600. UUuUu 

.  13903w+2? 

•  39390fc+0  0 

3xl1 oUN 

THICKNcai- 

.  1  2  /  J  J  J  X  HuH  2  O 

P  KU  JxNoY 

•  20uJJt+l* 

ItMPtKA  rJi<L 

UUPiWtj  LLl/U 

r  Aw  j 

200. OOuOu 

.1 UUuU£+22 

•  97*J2l.  +  0  u 

29  0. J  U  J  j  u 

.1 uLOOl+22 

•  97*02i.*UU 

300. 0  J  JUo 

•  1 0  0  UU2  +22 

*  9 /  *02c.+  0  u 

3:>0.UUuJu 

•  1 0  0  Opt +22 

•  9 7  *o  I..  +  U  u 

40  0 .  0  J  J  u  0 

•  luu7dt  +  22 

•  9  7*7*2  +  0  u 

490. U  U  JU  U 

•  1 Uo90w  +  22 

.  3  /  *l*c.  +  U  u 

9 00.  J  0 u 0  u 

•  1  3o  07l  +22 

.97 1 U*i2  + J u 

99  0 .  u  J  0  u  J 

.2  *6992+22 

. 99**02+00 

bOU.JJJUL 

.y  oo9o_+22 

. 929902  +  0  0 

bb  0.  0  J  J  J  U 

.i*y<.9L+29 

•  o*<9./c.*Uu 

700. uUJuu 

•  9  90 2*2+29 

•  7  U  9 1 7  c  +  0  J 

790. OOuOu 

»i  1 */ iu  +  2  o 

•  9 1091 2+  J  J 

600. OuuUu 

.  x  *U  12i-  +2* 

• 3179*w+u0 

. jOOjOl+1* 

TtHPtKA  r  J:<c 

J  JPliMb  l.^LL 

1  M  03 

200. uUjuu 

•  1  uL  U  Jl.  +  2 2 

. 9*J22w+  U  U 

290. OOOuu 

•  1  J u  (ju _+22 

»9*o22lpJJ 

300. u u Juu 

.1 J  0 Ouu  +  22 

.9*92  2  ofrUj 

39  0 . 0  J  uu  u 

.i  Ju  0pi.+22 

.  9 *922_*  U  J 

*00.  U  u  u  J  u 

•  lJu  7  3  c.  +  2  2 

.  9  *o22 c.+  u  J 

490. UUuUu 

.1 uudJl+22 

•  943l7c.+  0u 

900. OuuUu 

.  x3ou?o+22 

•9*2*3w+UJ 

990  .00 JJU 

•  2  4o9Jc.  *22 

»9*2U3u+JU 

bOO. 0  0  uu  u 

.96399l+22 

*9992o.+Ju 

09  0 .  UUJUu 

•  1  *y  2ol  +2o 

.p3222-+J J 

7  00. OJuuu 

•  3  Jt>2*u  +  23 

•  9  1o29u  +  U  J 

7pO i J  u Ju  u 

•  7  i*<  lt.  +  2o 

•  *o37y .-+  0  j 

6  00.  JUuuj 

• 

«1*U12l.  +  2*  -7.5  micron* 

.  *2  3o  9-  +  0  u 

1  TEMPERATURE"  K 

KCJJLJLi  1 

•  OUUUULTi.4»3 

DOPING  LEVEE**  ll 

TRANSMISSION  COE  FT. 

200.  OllOGb 

•  i  3uG0t.+22 

.  O902uv.  +  u0 

2&0»  0 OGoo 

•  1  Ou  00c.  422 

•  09G2ul  +  Oi) 

^Ii0«  tidduu 

.1  JuOOi.422 

.  a9u20c.+  dd 

390.  OtlUUu 

.  1uu0?l+22 

•  o9u2uc.  +  U 0 

400. 0  Uuu u 

.1  li&ir  <jl  +  22 

.  O9019C.+  U0 

*»9  0.  OOiiuu 

.1 O29OL+22 

•  9  901  **_ ♦  u  u 

£>00.  UOouU 

.1 3o07 c  +  22 

.  O0900C.+  UG 

590.  OOOuu 

•  24099.-+22 

.  0350  Jt  +  Ol) 

b  00 1 OOduJ 

.j  009JC.  +  22 

•  OO99it.+  0U 

t>9  0. OOddu 

.1  i-+2a 

.o7ot0c.  +  0u 

roo.oouuu 

.  33u2tl+23 

. du2l2c+  GO 

790.  OOdOu 

•  7 1 4 1  it. +23 

.  a  31 C  j  c.  +  0  u 

6  00.  OlnlUb 

“  l^|_«  J*  4Lr  If 

. L  4U 12u+24 
.  ‘jouJGc  +  l.'t 

.  1  /  O’jtu+Uu 

TEflPtKA  r  d.<c 

JjHinG  Luwcu. 

1  H  jJ 

2 00.  d  li uii  u 

.1  00  GOc.  +22 

.  •)  _+  J  0 

290. Oujuu 

•i u Jud_+22 

. 3.53CI+ G 0 

300. u j  u  J u 

•  1  u  o  GQi-  +  22 

•  94  392  C-+  u  U 

390.  Uuooij 

.  i  j  u  +£.2 

.  9-»Jj2-.+  0  j 

H  0  0  •  Ujifuu 

.idu7j_+22 

.  9  *t  3  9  1  U.  +  0  J 

490.  UOiiu  j 

.1  0  -i9i)u+22 

•  9-tlJlttJ/ 

£>00.  OOuilu 

•  1 3o Q/u  +  22 

.  Jt2 u 1 _  +  j  0 

990.  0  Odd  w. 

,2->09  Jta.  +22 

•9tuua^+00 

bOO.uuOOu 

.jdJ9at+22 

. 932d9~+0j 

b£>U.  Cl  J  JJu 

.1  -t92o~+2a 

.  9  1C-.JU+  0  0 

7  00  .  G  c  u  j  u 

.a  3u2-.-+2  0 

•  c>71i  jutj  j 

790. 00  Odd 

.1  It/  lw  +  2  3 

•  1  9 1  3  u  w  +  u  J 

000. J  J JU  u 

r  KU.UJi-.il/  Y 

.  I  -.0 12u.+2<+ 

•9uU0oL+1t  -6  microns 

.  00  99  1C.+  OU 

TtMPcKA  f  u-\- 

JJPIuu  luI/l. 

i  hJj 

2  00.  U  dUo  Li 

.1 uO  U0u+22 

•  3  y  32  /  u  +  d  j 

290. J J  00 u 

•  l  dd  Uui-  +  22 

•  9  y  02  1  ..  +  d  J 

300. oo J J  u 

.1  uUujt_  +  22 

.3JJt/l:t  JJ 

390. UJ  Jo  j 

•  X  On Gau  +  22 

•  y  y32 ( .  +  0  u 

H  0  0 •  OuOuu 

.luu/Ju+22 

.  9  90  2  IK-  +  d  0 

490*  0  UOJu 

•  10o9dc.+22 

•  y  y  32  9  E.+  UJ 

9U0  .u  li  OUu 

•13oG/ u+22 

.  y  y  3  1  *>2  *  d  0 

990  .OUdOu 

.2  >»  o9  Oc.  +  22 

•  932oi.i-  +  00 

oOO.  GiJuuj 

.3  fi090L+22 

.99i/0w+Ufl 

o&O. 00 j ju 

.1  >r>2oc.  +  23 

. JtjlUL+J J 

700.ulio0'j 

.3  du2ti_  +2  3 

.9**32*ri-+uu 

790. uUOuu 

•  t  in  li_  +  2  J 

.931o/-+ud 

*80  0.  0  Ci  u it  j 

.1 HC12.+24 

./PlJ'JJiuluU 

: 

: 


-  KcJJcKCY 

,  TEMPERATURE*  K 
200. OOOOu 
250,00000 
300, OOOOu 
350, OOOOu 
400. OOOOu 
450.30003 
500. OOOOu 
550. OOuuu 
600.00000 
650. OOOOu 
700. QQOuG 
750.00000 
600. 00300 


T£HPtKAru«t 

200. OuUu  u 

250.  OuJiiO 
30  0 •  00  0  Ju 
350. OUuuu 
400.30000 
4aQ. OOOOu 
500.  OOUUO 
550. OOuOO 
600.  OOuuu 
650  .OOuUO 
700. OOOOU 
750. QGuju 
600.  00O00 

TfcMPtRATUKt 
200. 00000 
250.  OOuOO 
300.  OOOOu 
35  0 . 0  0  0  u u 
400. OOOOu 
h50. QOOuG 
500. OOuuO 
550.00000 
600. OOUOO 
650. 00000 
700.  QOQuQ 
•  * u . OOuuu 
600.  OOOOu 


*ti3Jc 


•  70000  c.  It 

DOPING  LEVEL*"*"3 
•10Q00c+22 

•1 OOOQc+22 

•  1 OOOQc+22 
.1  Q005c+22 
.10u7dc+22 
•1065Qc+22 
*13oG7  c  +  22 

•  2  d59c+22 
•»ooSi£+22 
•lHa2ot+23 
•33o2tc+23 
•7i+7ic+2d 

•  1‘+012c+2h 

. aOOOOt+1* 
UvPING  LcVcl 
.1  00  OQfc.t-22 
.1 OOOQc+22 

•  100  OQc  +  22 

•  10005  c.  *22 
.10  0  ?'dc+22 
.1 Qo60&+22 
•1 3o07 c  +  22 
•2ho5*c+22 
•30&9dc+22 
.1  **52oc  +  23 
.-»3o2.t  +  23 
.7  l*/it+23 
•l+Gl2c+2* 

. 90  QOu  c+lt 
vUPXWG  Lt V cc 
.1  0000c  422 
•lOGOQc+22 
.1 0000t+22 
.1 Ou  03C+22 
.1007ttc+22 
«1uo3Uc+22 
. 1 3oU7c+22 
•2tU39c+22 

•  3  d  o9dc  +  22 
•1H520C423 
.53b2tc+23 
.71*?lc+23 

•  IhJ  12c+2h 


TRANmUKlOW  COCff. 

•3ott0oc+00 

•  3  oouoc+  0  it 

•  JodOoc+OQ 
• 3oo0uc+Q 0 
.?odOjc+UO 
.  aobUyc*  00 
.  3  00  0  dc  +  0  U 

•  ?d7o1.4-00 
•3o72tc+UU 
.  303/ -jc+Ou 
.  3o230c+Qd 

•  33ol2i  +  00 

•  »<*t2’3w+00 

TAo3 

•  d  30ouc+  0  u  : 

•odOoUt+OO  | 

. d  30od_+  0  U  ! 

. 6 3 JbOc+ 0  0 
.d3uoJc+0J  i 

•  d  3  0»d  c+  0  0 
.  d3G<*oc  +  UQ 
•d330ic+GG 
.  6 2aot_  +  00 
.023 19c +00 

•  6  17clc  +  u  u 

•  d  0  2t>3c  +  0  0 
• 77oolc+00 

f  Aoa  | 

.3dd3dw+0U  1 

. 300J Jc+0 J 

•  3  da3uc+ud  1 

.3da3uc+O0  ! 


. 3  daauc+Ou 
»3do29c+00  i 

*3ott2oc+00  I 

*3ddl3;t00  | 

«3d773c  +  0  0  ) 

«36o77l+u0  j 

»3tt*olc+00  ? 

•  3d0t>2c  +  00 
.572toc+00 


I 
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rRtJJt*LY 

•  lQOOOE+lb 

TBKMTUK*K  . 

POWWO  UEVtL***”3  : 

TRAMMHKMN  COEFF. 

200  iOOOOG 

.lOOOOc+ZZ 

.772344+00 

250.00000 

.luG00t+22 

•  7  72pd=.+00 

300.00000 

.10u0Qc+22 

. 7723O-+0 J 

tySQ.MtiSU 

.1  uQ  ilatt22 _  _ 

_ _,_ZZ2ai»i  +  Q3 

^oo.oaoou 

.1 00  78c. +22 

. 7  72?octSj 

450. 00000 

•  1  QbbOc+22 

.772374+00 

500.  QOudO 

.13t»  07 ^i-22  . 

.772»l-»fld 

550.  OOudu 

•  2**869c+22 

•/7227c.  t-00 

600.  00(100 

•  3  0t>9dc+22 

.771372+00 

b50. OOuOo 

*1432oc.+23 

• 7oy79c+uU 

700. QUOjU 

*33b2*c.+23 

: • 76303C+OO 

750* OOUOG 

•  7  1471E+23 

.7 3612i +00 

S00.  0000  u 

•  l4iil2t+24 

.  74-.2ul  +  Q0 

r'RcO  J(_No  Y 

.1100flc+15  . 

TEHPtRATUrtc 

auelNG  UVll 

TA«Ji 

200. OQUUU 

•  1  00004+22 

.61 43  3  4  +  00 

250*00000 

.100004+22 

. bi43>w+00 

3Q0.00u0u 

.1 00  GQE  +  22 

•O 14334+0 J 

350.00000 

.100034+22 

. ol433U+U0 

400*  0000b 

.1  0073i- +22 

.  b  1 43  3  4.  +  0  U 

450.  00000 

•106304+22 

. ol4334+00 

500.  0000  G 

.13b074+22 

•  bl4j2c.  +  0  0 

550.00UUU 

•24039E+22 

•pl443c*00 

600.0000b 

•  3  oo98l. +22 

•  bl4l3c.  +  U0 

650. OOouO 

•  1  <♦  52,6  c. +2  3 

•ol339i+00 

700.  000U0 

.3  3o24t+23 

•  olli7*»t  +  0Q 

750.00uOU 

.714714+23 

•60o4dc+00 

800. 000 Ju 

.14012024 

.602344+00 
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PROGRAM  THREE 


IMPEDANCE  (z)  AT  DIFFERENT  FREQUENCIES 
AND  DIFFERENT  RESISTIVITIES  FOR  Ge  AND  Si 

Ge 


index  Of  REFRACTION 

HCOFf 

4.3uQj 
FREQ  Hz 

•  £00u0ti*bS 

•  iaoouc«-iu 

•  IpO  30c.  1 10 

•  2 OOOCc+lO 

•  25 j  OOctiO 
.  30u  i)0w*id 

•  35C  u0c*10 

•  40oau^xu 

.  ‘♦pOOOw  +  IO 

.50000c«-i3 

•  550  0 U-*i u 
.bOOuOc+lfl 

•  650d  +1 fl 

•  7 Ou  0  Qc*-  i  u 

•  750  00_.10 

•  6  0  0  C  0i_+ a  0 
.OSOGOc+lfl 
•90JQUw*10 

•  950ubu*-10 

•  10000. til 

•  10p  OOuFll 

•  110uU.tj.l 

•  1 1?QQ.  +  1  1 

•  1 20 0 U.t 1 1 

•  12p  J  0c.+4. 1 


RESttTtVtTY 


•  7  >J  Jilt- 31  Hi 

2 

Xoh m 

).i*. j 

3. 9.3 9 

3.1 30 j 

p. 9796 

1.7  Jo/ 

7  •  •*/  17 

11.123 

O.o227 

12. .3/ 

9.9494 

13. o59 

10.311 

1*».  olu 

10.9.3 

Ip. o9o 

11.400 

lo. *31 

11.994 

17. *1j 

12.263 

lo.  04* 

12. Ppo 

15.7  43 

12.790 

20.390 

12.973 

21.3*9 

13.110 

22.  170 

13.206 

22. 90. 

13. 27C 

2  3  .  o  0  3 

13.332 

24. 2oO 

1 3 . 3  U  o 

2*».  *0J 

13.20b 

2p.p31 

1 3.  2.b 

2 o.  07i 

13.197 

2c. ol. 

13.112 

27.120 

A 3.  U2*» 

27.cl  7 

12.924 

2d.  oOi. 

12.014 

MMTEIMMCE 
10  **m 

f  •  *  bd 
10.05*: 
12.249 
14.0/ 7 

lp.OOo 

A  7  all-* 
lO.-tlt 

15.o03 

2Q.o57 

21.70* 

<2  2.o-*o 
23. 322 
2**.  33b 
25.05o 
25«0Go 

20.. 7 1 
27.053 
2  7  »  o7  u 
28.223 
26.73> 
25.217 
29.ob3 
30.053 

30.. 52 
30.3o7 
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•ocx  or  BtHMcnai 
RC  OFF 

V.hOwJ 

nMSOUEMCVMd 

•SOfiOQ^wi 

•  llil  dBbtiu 

•  iSiiuOc*- jlO 
•20000ctio 

•  250  0  lie +10 

•  3103ilLti  0 

•  3i)033^»l  Q 

•  400  uuctiO 
•45060ctiG 
•500QGctio 
•5500GctiO 

•60 00 Oct 10 
•odGuOctid 

•rooooctio 
• 75000cti0 

•  6  00  0  Oct  x  0 

•  OsO  3 Oct 1 0 

•90QuGctx0 
•9b000ct 10 

•  lOOOOctu 

•  lObOOctu 

•  110  OOct ii 

•  USOOcti  i 

•  120  OOctu 
.126 00^+11 


WmnviTY 
•  t  GO Jut-u2 1 


l.loo2 
1*04^7 
2. 0 Jo3 
2.olo 3 
2.3933 
-  .63do 
3*  J o79 
J.2ol9 
i  •  «»o33 

i.33oo 
•*.  J  311 
■*«l«s 
«  •  Jo  Go 
4.3174 
■•.0092 
+• o lad 
•*.  3003 
3  •  1  0  U  3 

3.3370 
>.o703 
3 . 3  C  1 J 
3.o29t 

3. />3 0 

.>•0763 


1.1347 
l.oi 3b 

I.  97o7 

2.2dol 

2.3342 

2.79ob 

J.  0109 
3.2251 
3.4162 
J. oO  03 

3.  7730 
3.9375 
*•.094.0 

4.  2*»57 
4.39o9 
4. 3309 
4.0001 
4.7971 
4.‘*24l 
5.0473 
3.1o72 
5.2639 
3. 3  97o 
3.3063 
3.  oloO 


ZO  RriM. 

i.o27l 

2.300o 

2.6173 

3.2330 

3.b37 6 

3.9643 

4.3042 

4  .oOlo 

4 .6603 

3.1443 

3.3952 

3.635b 

3  .  )OS  U 

o.Odbo 
o.295o 
b.3062 
o.70oJ 
3.9003 
/ . 0694 
7.2733 
7.432* 

7 .627  o 
7.7990 
7 .9ob4 
6.130. 
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INDEX  OF  REFRACTION 

RLOFF  RESISTIVITY 


4.0GJJ  •  lu  u  JUt.”  32 


FREQUENCY  (Hz) 

Nhw 

2 

Xoton 

zo  "«*- 

•  5OO«J0clu4 

•  37  7 lo 

.57322 

. 613*3 

•  lOw  QOdlu 

•  0 1  3 1 1 

.01170 

1.1504 

.15000cilfl 

. 43/ 55 

• 99*53 

1 .*0o3 

■  200  00c.  i-lO 

i«l  52.) 

1  .1*0* 

l.o2fc3 

•  2v0u DdlO 

Lai Ottt 

1.2039 

1.0103 

•3U000cfl0 

la  3  1  Ip 

l.*0o3 

1.5423 

•  350  u0c.Fl  0 

1.32*3 

1.310/ 

2.1p22 

.*Q00Gdi  J 

1  •  3  J  O  -4 

1. 62  33 

2.3J0O 

.*30  JOdi-O 

1 • / 2  4o 

1.7213 

2.4*13 

•  500  3  0c+ j.  i) 

i«  323? 

1.01*3 

2.3723 

•  650  Audio 

1.4123 

1.4024 

2.64/ 3 

•  bOOOOdlO 

1. 330 3 

1 • 90oo 

2 . ol7o 

•  6500  Owi-  lO 

2.0  30* 

2 . 06  7  3 

2.532  3 

•  70000^.1-10 

2.1333 

2. 1**3 

3 . G*3o 

. 75000^10 

2*2330 

2.2137 

3.130* 

.00000-110 

2. 3  a 3* 

2.2321 

3.253/ 

•  05OOOc.il  0 

2.3o U3 

2. Jo  21 

3. 3o3  3 

•  9000  be.  1 1 0 

2.*303 

2. *301 

3.*3ll 

•  550  0  Gci lu 

2.3101 

2.*9ol 

3.3*5o 

•  lQOuOdll 

2. 30*1 

2*  puQ* 

3.6377 

.103  GOctll 

2  .3*03 

2.o230 

5.  727o 

•  1 10  0  Jwi  i.  1 

2.  / 11** 

2.  oo*2 

J.0153 

•  ll?0Gci  j.1 

2.7723 

2.  7*39 

3.9010 

•  12000cm 

2.0331 

2.0023 

3. 90*4 

•  123QOdll 

2.  o3 22 

2.0394 

*• 067 1 
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Si 


index  of  refraction 
KCOFf 

3 .42du 
FREQUENCY  (Hz) 

•  5  SG  Q  0_+  u  9 
•IODOOcfiu 

•  ldOdflcFio 

•  200 JOct 10 

•  250  0  Qi* 1 0 

•  30  00  Get  1 0 

•  350  0  0«lf 1 0 

•  hOOOOc-Hu 

•  h5G  OOcf xo 

•  5  0u  OCwt  x  0 

•  550  0  Ul>  1 0 

•  oO  00  Oc.f 1 0 

•  650  d  0c>  10 

•  700 uu_f l o 

•  750  OGo  lu 

•  ttflU  00l.f1  u 

•  63O0Ul.fiO 

•  900  0  0t.Fj.fi 

•  95Qd  di.Fi.  0 

•  lOOOOuFH 

•  10ddGi.Fi  l 

•  liQ03c.Fi  l 

•  1 15  0  uc.fi  i 
• 1200Jcf ii 

•  12d00c.*ll 


RESISTIVITY 


.75000 6' 0  lohm-cm 

IMPEDANCE 

ohm f  L 

Xohm 

20  Rohm 

3*  3201 

•>.  O?20 

7«h192 

0*  Joflj 

o. 05d2 

10.397 

F.alol 

7.o0  9o 

12.263 

1  C.  9  9o 

o. o3ob 

l<+.10o 

12.203 

9.051# 

15.730 

13*  vto 

10.713 

17.192 

1*».  dul 

11.494 

id. 52/ 

Lo.  c2U 

12.090 

19.7dO 

1  o*  u  3l 

12.  obi 

20.901 

l  7.  099 

13. Adi 

21.970 

lo.  d2d 

1 3.  ddu 

22.972 

19.  h2-* 

13.9dt 

23.91b 

2 u  «  20 d 

1*f.279 

24.00  7 

21.Ho 

1*f.  5d9 

2d. o4d 

21.91/ 

1<*.  000 

2  b.«*4o 

22. o9j 

Id. L  Od 

27.203 

2  3.  *»3o 

id. 176 

27.921 

2h. Ido 

Id. 310 

20.603 

2*..  Odl 

lo.  <+32 

29.253 

2d. d22 

Id. 521 

29.370 

2o.  ifao 

ld.ddb 

30 .tdd 

2d.  i  'id 

Id • odl 

31.019 

2  7 . 3  9* 

Id. Od7 

31.553 

2  <  .  97*. 

Id .006 

32.062 

20. d33 

Id . Od  5 

32.040 
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Si 


INDEX  OF  REFRACTION 


ROUKF 

RESISTIVITY 

3.*2UJ 

•  *u  0  OOc-32 

ohm-cm 

IMPEDANCE 

FREQUENCY  (Hi) 

ohim  2 

X  ohm 

23  R  ohm 

•5  li  0  0  0  _♦  u  9 

1  • lo  3  0 

1. 13p() 

1.6271 

•  lliuJJ-TlD 

1 .  a  39*. 

i.ol*4 

2 . 33  u  5 

.lsuaUw+io 

2. J 0*9 

1 . 9od 1 

2.617  9 

. 2000G-+10 

2.31*1 

2.2674 

3.2530 

.2500fl.--na 

2. p o /2 

2.  ?s 73 

3. o37 o 

•  3  0u  0  0i_+ 1  U 

2. 55*6 

2 .  o  3  7 

3.9550 

•  350  u  o_ti  o 

3. J  u29 

3.02*1 

*.  30*2 

•  *0JJU._+i3 

3.27  63 

3.23x6 

*  .  6  0  1  * 

•  ns  00 G-+ 1 u 

o .  *  7  o  1 

3. *2pb 

* .  630  > 

•  p  00  Q  uct  x  0 

3. j  upp 

o • oO  32 

9 • 1*4* 

•  35  o  0  Oc.t  i.  u 

3.3* o5 

0.7533 

p . 395p 

•  o  00  0 OwT x  0 

•*.320  3 

3. p*  30 

6. 6353 

.65  j  Ouii-lO 

■»  .  1  o  6* 

*. iu  51 

p. oop* 

•  7  0  u  U  0c.t  1  u 

-».3*09 

*.2o0o 

o.  0 <Ab( 

.  75d  'Gu..+  iO 

- . p  023 

*.*u  7 * 

O.3303 

.B  Ouu  0w+l u 

*.o523 

*  •  p  *  9  2 

6.5066 

•  BpO u 0 x 0 

*.  7  902 

*. o6o2 

o .  7  0  7  0 

,y00uu-ti3 

*• 3* u2 

* • 3 1 9u 

o. 9013 

•9pG0Qc*id 

p  .  3  7  0  p 

* . 9*  7 O 

7. 09G3 

•  lu  uli  u_f  1 1 

p.  2  1 3  p 

p.0731 

7.27** 

•lOpOG-til 

? • 3*>* 

p. 19p0 

7  .  *PO  9 

.  110  0  G~r  xl 

p .  *  7** 

p.  3137 

7.0292 

•  lip  3  0  L.*x  1 

•>  . o  J07 

p.*2  9p 

(  .  6  3  G  > 

.  120  3  3  wt  x  1 

p  •  7  2*? 

3. 3*2t> 

7 . 9o6 1 

•  12p0iJwf  xl 

p. o*53 

3  .  O  P  3 1 

0.1320 
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INDEX  OP  REFRACTION 


RuuFF 

3.420j 

RESISTIVITY 
•  lvGuQt“02ohm-cm 

IMPEDANCE 

FREQUENCY  (Hz) 

ohm  L 

X  ohm 

20  Rohm 

•  5  00  00c. t-0  9 

•37/13 

«a732b 

. 6134a 

•  10C  0  0c.+  iO 

• olaQl 

•61187 

1 .  laC4 

•  i5GQuc.*ia 

.  a  J«  el 

.99471 

1.436a 

•  20000c.  t-xO 

1*  la  20 

1.1467 

1.6269 

•  2?0u0c.tiq 

1*2060 

1.2643 

1.816a 

.3QQQQc.+id 

I.  +  HJ 

1. 40ob 

1.992a 

•  3aOQGc.+  iu 

1*3242 

1. 3194 

2.1622 

•hGOouw+iO 

l*o29o 

1*  62  4l 

2.3J0o 

•  4500  Oc.Txu 

1.7267 

1.7224 

2. 44  0  3 

•  50  0  G  0t+ 1 0 

L  •  322** 

l.Olah 

2. 9723 

.550  0  0t_+ J.0 

la  9 1 lo 

1.9037 

2.o979 

•  60G00i.«-i0 

1.3969 

1.3681 

2.6176 

.baQG6.c*lO 

2.G76o 

2. Ob  90 

2.932a 

•700QQc*l0 

2.137a 

2. 1407 

3. 043o 

•75000w+iQ 

2.233o 

2.2216 

3. I3O4 

•  8G000c.txG 

2.3G72 

2.2943 

3.2537 

•  tibOOOi.4-10 

2.376a 

2 .0043 

3.633a 

•  900uCc.*l  0 

i  .  **«♦  79 

2.4327 

3 .4311 

•  9500Gi_*10 

2.ala3 

2  •  4*390 

3 • 345/ 

•  100  GOuT  4.1 

2.3011 

2.ab 35 

3 .b37 0 

•  105  0  0c.+-l  1 

2.046/ 

2. o264 

3.  727  b 

• 110G0c+ll 

2.7:7a 

2.b676 

3.8153 

•  llaGOr.+  ll 

2.7  o92 

2.74 77 

3.9011 

•I2000£tll 

2.0292 

2. 60  04 

3 .9850 

•  12a  OQutll 

2  «6o 79 

2 . 6o  3  6 

4. 0o7 1 
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PROGRAM  FOUR 


TRANSMITTANCE  AT  FREQUENCIES  FROM  0.5  GHz  TO  12.5  GHz 
FOR  DIFFERENT  RESISTIVITIES  AND  DIFFERENT  THICKNESSES 


INDEX  OF  REFRACTION 

RCOFF 

4*  0G0 j 
FREQUENCY  (Hz) 

•  50  ggoe+g  9 

•  100  C  Ot ♦ i u 
• 150Q0E+1C 
• 26 dbOE^ib 
. 250u6t+lu 
•3G0G0LF1G 
• 35uG0E+10 
•4Q0C0t+lu 
•456G&E+16 

•  50  000t«-l0 
.55000t*lG 
. 6G0u0£+lu 
•65d0dt+10 
. 70QG02+1G 

•  75 OGOE+lu 

•  6G  06o£  +  li» 

•  65  QG0E+1 0 
. 90dG0fc+lc 
• 95000EF10 
.  100G0E>11 

•  105G0c.«-il 
. 11J00£*11 
.1156GE+11 
.  12G60E+11 

•  125  Gut ♦ll 


KtSIS  l£NG1h 


•  750Cu£-ulohi 

■.32258E- 

02"*Un  TRANSMSSION 

R  L 

X 

TRANS(JB) 

6  .  3446  ohm  cm 

3.6439 

“0.3757 

6 • 130  C 

3.979b 

“8.7450 

9.7057 

7.4717 

-10.641 

11.128 

8.6227 

“12.208 

12.H37 

9. 5«*94 

“13.547 

13.o59 

10.311 

-14.713 

14.61c 

10.943 

-15.740 

15.696 

11.466 

“16.652 

16.931 

11.904 

“17.467 

17.913 

12.263 

“18.199 

16.649 

12.556 

“18. 8bu 

19.74C 

12.79C 

“19.459 

2C.59C 

12.973 

-20.004 

21. 39«> 

13.110 

“20 .501 

2<:.17C 

13.206 

-20.955 

22.904 

13.270 

-21.370 

23 . 6u  3 

13.302 

“21.752 

24.266 

13.306 

-22.102 

24.900 

13.286 

-22.425 

23 . 5C 1 

13.246 

-22.723 

26.071 

13.187 

-22.998 

2b . bl4 

13.112 

-23.252 

27.126 

13 .024 

-23.487 

2  7  .  b  1 7 

12.924 

-23.705 

28. u8l 

12.814 

-23.908 

MOEX  OF  REFRACTION 


RCOFF  RESTS  LENGTH 


4.0000 

•  750UE*ij1**< 

14732E-02— 

MTMNMHRON 

FREQUENCY  (Hz) 

R  Z 

X 

TRANS (OBI 

•5Q000E+69 

6.344b  •*»«• 

3. 8439.i» 

-1.7138 

.luJOOE+lu 

8 . 13  0  C 

5.9796 

-2.5487 

.150Q0E+10 

9.7057 

7.4717 

-3.4632 

• 2GQ00h>lu 

11.126 

8.6227 

-4.3003 

• 25QG3E+1G 

12.437 

9.5494 

-5.0297 

.30Q6QE41Q 

13.659 

10.311 

-5.6594 

.35Q00t+10 

14.810 

13.943 

-6.2047 

•40QG0£+iu 

15.896 

11.468 

-6.6803 

.45000EF10 

16.931 

11.904 

-7.3982 

•5G0G0E+10 

17.913 

12.263 

-7.4685 

•550GQE+10 

18.849 

12.556 

-7.7992 

.60000E+1C 

19.74C 

12.790 

-8.0967 

.65000EF1L 

2G.59C 

12.973 

-8.3662 

.7QQGQE416 

21.399 

13.11G 

-8.6120 

•750COE+1G 

22.17c 

13.208 

-8.8376 

.8Q0G0E+1G 

22.904 

13.270 

-9.0457 

.65000EF10 

23.603 

13.302 

-9.2386 

.900G0E+1G 

24.266 

13.306 

-9.4178 

.95GG0E+10 

24.90c 

13.286 

-9.5847 

• lOOOOE+11 

25.501 

13.246 

-9.7403 

■ 1G5G0E+11 

26.071 

13.187 

-9.8853 

.11000E*il 

26.614 

13.112 

-10.G2G 

.115GQE*li 

27.126 

13.C24 

-10.146 

• 120GQE+11 

27.617 

12.924 

-10.262 

.1250at*U 

26.081 

12.814 

-10.370 

"BCX  OF  tCFMcTIOM 
RC OFF 
4.8800 
mequehcv  m 
.5a060£*09 
•10000E+10 
.1500JE+13 
.2flflOfiE*10 

•  2500  Q£  4-10 
•30a00E«10 
•3530db+10 
•4OOG0E*1O 
•45Q00E+10 
.5006064-10 
.55Q00E+1 0 
.60U00E+10 

•  6500364-10 
• 70GG0E+1J 

•  750006*10 
.8G0Q0E+10 

•  6500064-10 
.900006410 
.950006410 
.lOOOOEm 
.10500E+11 
.liOOflE+11 
.115006411 
.120006411 
.125006*11 


RcSIS  LENGTH 


.400006-02**. 

322586-02* 

mm  njmmmtm 

H  l 

X 

TRANS (UB) 

1.1662  **  «■ 

1.1347  am 

>26.380 

1-4402 

1.6136 

*41.060 

2.GG63 

1.9787 

*50.802 

2.3163 

2.2651 

*59.005 

2.5903 

2.5542 

-66.219 

2.0366 

2.7966 

-72.728 

3.0679 

3.0169 

-78.699 

3.2619 

3.2251 

-84.243 

3.4633 

3.4162 

-89.437 

3.6744 

3.6003 

-94.338 

3.8566 

3.7730 

-98.987 

4.0311 

3.9375 

-103.42 

4.1969 

4.0948 

-107.66 

4.3606 

4.2457 

-111.72 

4.5174 

4.3909 

-115.64 

4.669? 

4.5309 

-119.41 

4. 8166 

4.6661 

- 123.07 

4.9603 

4.7971 

-126.60 

5.1003 

4.9241 

-130.03 

5.2370 

5.0473 

-133.36 

5.3705 

5.1672 

-136.60 

5.5013 

5.2839 

-139.75 

5.6294 

5.3976 

-142.83 

5.7550 

5.5085 

-145.83 

5.6783 

5.6168 

-148.76 
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INOEX  OF  REFRACTION 
RCOFF 
4.0000 

FREQUENCY  (Hz) 
.5C0O0E+09 
. loaooE+io 
. 15QQ0E+10 
.2000 0E +10 
•250G0E+1C 
•300G0E+10 
• 35000E+1G 
.400006+10 
•45000E+10 
.500006+10 
•55000E+10 
. 60  GQ0E  +  lu 
•650006+10 
• 7QOO0t +10 
. 75QGQE+10 
• 80000E+1G 
•85000E+10 
•90000E+10 
• 95000E+1G 
• 10000E+11 
•10500E+11 
• 11000E+11 
• 11500E+11 
• 12000E+11 
•  12500E  +  11 


KtSIS  LENGTH 

.400  0oE-i)2«*,*M4732£-02nm«*  transmission 


R  Z 

1.1662  ohm  cm 

1.6402 

2.0063 

2.3163 

2.5903 

2.8386 

3.0679 

3.2819 

3.4833 

3.6744 

3.8566 

4.0311 

4.1989 

4.3606 

4.5174 

4. 6o92 

4.8168 

4.9603 

5.1003 

5.237C 

5.3705 

5.5013 

5.6294 

5.7550 

5.8783 


x 

1.1347  ohm* 

1.6136 
1.97  87 
2.2851 
2.5542 
2.7966 
3.0189 
3.2251 
3.4182 
3.6003 
3.7730 
3.9375 
4.0948 
4.2457 
4.3909 
4.5309 
4.6661 
4.7971 
4.9241 
5.0473 
5.1672 
5.2839 
5.3976 
5.5085 
5.6168 


TRANS (JB) 
-11.386 
“17.193 
“21.660 
“25.421 
“28.728 
“31.712 
“34.450 
“36.992 
“39.374 
“41.620 
-43.752 
-45.784 
“47.727 
“49.593 
“51.388 
“53.119 
“54.793 
->6.414 
-57.986 
-59.514 
-60.999 
-62.446 
-63.857 
-65.233 
-66.577 
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INDEX  OF  REFRACTION 


RC0FF  RtSlS  LENGTH 


4.0000 

*  1 J  0  t  o  E  ~  U  2ohm. 

32258E-Q2  transmission 

FREQUENCY  (Hz) 

R  2 

X 

TRANS(OB) 

.50000E+09 

.  5  7  7 1 6  ohm  cm 

.57322  ohms 

-59.060 

. lOQOQE+iO 

.81511 

.81178 

-84.610 

•15Q00E+10 

.99799 

.99453 

-104.22 

•20000E+ 10 

1.1523 

1.1484 

-120.75 

.25000E+10 

1.2884 

1.2839 

-135.30 

. 3Q0QQE*1Q 

1.4115 

1.4063 

-148.46 

•35QQQE+1G 

1.5249 

1.5187 

-160.54 

•40Q00E+10 

1.6304 

1.6233 

-171.79 

.45000E+10 

1.7296 

1.7215 

-182.34 

• 50Q&0E+10 

1.8235 

1.8143 

-192.32 

•  55000E4-10 

1.9129 

1.9024 

-201.80 

.60000ET10 

1.9983 

1.9866 

-210.85 

•65000E+10 

2.0804 

2.0673 

-219.53 

•70000E+10 

2.1593 

2.1449 

-227.88 

« 75QG0E  +  1Q 

2.2356 

2.2197 

-235.92 

• 80QG0E+1Q 

2.3094 

2.2921 

-243.70 

• 8500QE+10 

2.3809 

2.3621 

-251.24 

*  90  000E  +  1O 

2.4505 

?.43ui 

-258.55 

• 95000E+10 

2.5181 

2.4961 

-265.65 

» 10QO0E+11 

2.5841 

2.5604 

-272.57 

• 105Q0E+1 1 

2.6485 

2.6230 

-279.31 

.UOGJE  +  ll 

2.7114 

2.6842 

-285.88 

• 1150QE+11 

2.7729 

2.7439 

-292.31 

.120006*11 

2.8331 

2.8023 

-298.59 

« 12500E*11 

2.8922 

2.8594 

-304.74 
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Of  refraction 
RCOFF 

4.0000 

FREQUENCY  (Hz) 

•5Q0Q0E+09 

•ioaooE*io 

•  150buEni) 
•20000E+10 
•25000£*ia 

•  IfiddOEMO 
-350G0E*lu 
•40C00E+1C 
•45000t+l0 
•50000E+1C 
•550G0E*10 
•603u0£+lG 
•65000E+1C 
•700G0E+10 
• 75G0QE+1G 
.800G0E+10 
. 85000E+10 
.90GuQE*l& 

•  95000£e1u 

•  IOOOOl+H 
. 10500E+11 
.HUGOt+11 
. 115G0E+11 

•  12QG0E+U 
• 125G0E+11 


X£SIS  LENGTH 

•  1000JE- 02otei.l4732£-02aMMTIMNSIIMSS,ON 


R  Z 

•  577161m  cm 

•81511 

.99799 

1.1523 

1.2884 

1.4115 

1.5249 

1.6304 

1.7296 

1.8235 

1.9129 

1.9983 

2.0804 

2.1593 

2.2356 

2.3094 

2.3609 

2.4505 

2.5181 

2.5841 

2.6485 

2.7114 

2.7729 

2.8331 

2.8922 


x 

.57322  1mm 
.81178 
•99453 
1.1484 
1.2839 
1.4063 
1.5187 
1.6233 
1.7215 
1.8143 
1.9024 
1.9866 
2.0673 
2.1449 
2.2197 
2.2921 
2.3621 
2.4301 
2.4961 
2.5604 
2.6230 
2.6842 
2.7439 
2.8023 
2.8594 


TRANS(JB) 

-25.364 

-37.044 

-46.009 

-53.564 

-60.218 

-66.230 

-71.755 

-76.895 

-81.720 

-86.280 

-90.615 

-94.754 

-98.721 

-102.54 

-106.21 

-109.77 

-113.21 

-116.56 

-119.80 

-122.97 

-126.05 

-129.05 

-131.99 

-134.86 

-137.67 
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Si 


INDEX  OF  REFRACTION 

RCOFF  KESIS  LENGTH 


3.4200 

•  75  J  GGE-Olohm. 

32258E-Q2mertrs  TRAN  MISSION 

FREOUENCY  (Mil 

R  Z 

X  •; 

TRANS (08) 

.500G0E+09 

6.3281  ohm  cm 

3 . 8  7  2  8  ohms 

-6.4003 

.lOQGOE+lQ 

8.0803 

6.0552 

-8.8187 

.150Q0E+10 

9.6161 

7.6096 

-10.781 

• 20000E+10 

1G .  996 

8  •  8366 

-12.426 

.25000E+10 

12.263 

9.8517 

-13.851 

.30000E+10 

13.446 

10.713 

-15.109 

•35QGQE+10 

14.561 

11.454 

-16.234 

.4Q00QE+10 

15.620 

12.098 

-17.248 

•45QGQE+1G 

16.631 

12.660 

-18.168 

.500C0E+10 

17.599 

13.151 

-19.307 

.55QG0E+10 

18.529 

13.580 

-19.777 

.600G0E+10 

19.424 

13.954 

-20.486 

.65Q00E+1G 

20.285 

14.279 

-21.141 

.70000£«1G 

21.116 

14.559 

-21.747 

.75000E+1G 

21.917 

14.800 

-22.309 

.8QOOOE+1Q 

22.690 

15.005 

-22.832 

•850GQE+1G 

23.436 

15.176 

-23.319 

• 90QQ0E+10 

24.156 

15.318 

-23.774 

• 95QG0E+10 

24.851 

15.432 

-24.199 

•lOQGQE+11 

25.522 

15.521 

-24.596 

.1Q5G0E4-U 

26.168 

15.586 

-24.968 

.  11063E+11 

26.792 

15.631 

-25.317 

.  11500E  +  11 

27.394 

15.657 

-25.645 

• 12000E+11 

27.974 

15.666 

-25.953 

* 12500E+11 

28.533 

15.659 

-26.243 
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index  of  refraction 
RCOFF 
3.4200 

FREQUENCY  (Hz) 

•5QQ00E+09 

•10000t*10 

.15000t+10 

*  200G0E«-10 
.25300E*10 
.30000E+1C 
• 35Q00E+1Q 
•40Q60E+10 
•45000E+10 
•50000Ef1o 
•550G0Ef1u 

*  60000E  +  1G 
•650G0E+10 
• 70000E+10 
. 75000EF10 
.80000E+10 

*  850QQE+1G 
.90000E+10 
.950Q0£«-10 
. lGOQOt+ll 
.  10500t+il 
.110GGE+11 
.ll£00E+il 
.  12iJ0  OE  +  11 
• 125Q0E+11 


.750COE-0 

«  Z 

0*328  1q|hh  qn 


Lcnitin 


.14732E-02 

x 

3.8728 
6. 0552 


TR^NMHIIOH 
V  FRANSIOB) 
-1.7269 
-2.5884 


8.0803 
9.6161 
10.99b 
12.263 
13.446 
14.561 
15.62g 
16.631 
17.599 
Id. 529 
19.424 
20.285 
21.116 
21.917 
22.690 
23.436 
24.156 
24.851 
25.522 
26.168 
26.792 
27.394 
27.974 
28.533 


7 . 60  96 
8.8366 
9.8517 
10.713 
11.454 
12.098 
12.660 
13.151 
13.580 
13.954 
14.279 
14.559 
14.800 
15.005 
15.176 
15.318 
15.432 
15.521 
15.586 
15.631 
15.657 
15.666 
15.659 


-3.5319 
-4.3997 
-5.163d 
-5.8305 
-6.4175 
-5.9385 
-7.4050, 
— 7 . 8263 
-8.2097 
-8.5610 
-8.8847 
-9.1844 
-9.4632 
-9.7234 
-9.9669 
-10.195 
-10.410 
-10.612 
-10.802 
10.982 
11.150 
11.310 
11.460 


t 
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■WCX  Of  REFRACTION 

RCOFF  RESIS  ctNGTH 


3.4203 

•  430t<GE-  J2«fc*w» 

32258E-0  2m 

MM  TfMMMSNM 

FREQUENCY  (Hz) 

ft  l 

X 

TRANS (03) 

.500GQE*39 

1.166G 

1.1350-ta* 

-28.387 

.1000QE+10 

1.6394 

1.6144 

-41.081 

• 15Q00E+1G 

2.3G**9 

1.9801 

-50.843 

.20000£*1G 

2.3141 

2.2874 

-59.064 

.25flG0E*lG 

2.5872 

2.5573 

-66.301 

.3GOOOEF1U 

2.8348 

2.80G7 

-72.835 

.35QQ3E+iu 

3.8629 

3.0241 

-78.834 

.4000JE+10 

3.2758 

3.2315 

-84.439 

.45000E*lu 

3.4761 

3.4258 

-89.635 

•5G0G0£*lu 

3.6659 

3.6G  92 

-94.569 

• 550C3E+10 

3.8468 

3.7833 

-99.254 

•603GGE+1G 

*♦.0201 

3.9493 

-103.72 

.650G0E*1G 

4  n 1864 

4.1G81 

-108.33 

• 7G3G0E+1G 

4.3469 

4.2606 

-112.11 

.75Q0Gfc*lG 

4.5J20 

4.4-0  74 

-116.36 

•  60GG3E+1G 

4.6523 

4.5492 

-119.88 

•85000E+10 

4.7982 

4.6862 

-123.58 

.9Q000E+13 

4.9482 

4 • 8190 

-127 .16 

.950G0E+1G 

5.0785 

4.  *478 

-130.63 

.lOOGOt+ll 

5.2135 

5. 0731 

-134.01 

.1G50GE+11 

3.3454 

5.1950 

-137.33 

. 110G0E+11 

5.4744 

5.3137 

-140.53 

•  1150QE+11 

5.6007 

5.4295 

-143.63 

.120G3E+11 

5.7245 

5.5426 

-146.68 

• 125G0E+11 

5.8460 

5.6531 

-149.67 
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MOEX  OF  RCFfUCnOM 

RCOFF 

3.4200 

FREQUENCY  (Hz) 

• 5GuG0E+Q9 
• lGQOOE+lO 
.150G0E+1G 

•  200u0E*l ; 

•  25|)0Q£*1G 

•  39Au0tFl0 

•  350GGE*10 

.40 oooe+io 

•450C0E *lb 
.5030 0E*10 
• 550G 0E*10 
•6G0Q0E*10 
•650006*10 
■ 700GOE+10 
•75000E*10 

•  80OG0£*lu 
.85fluQ£*lu 
•900G0E+1G 
• 950G0E*lfl 
• 1G0G0E+11 
.105006*11 

•  110006*11 
.115GQ6+11 
• 120006*11 
• 12500c.  *11 


KtSIS  cENCzTH 

•  4C0C3E- JE*Nb.147’32E'02 


«  z 

X 

TRANS IJB) 

1  a  166  u  (fes  am 

1.1350— 

-*11.389 

1.6394 

1.6144 

-17.203 

2.0049 

1.9801 

-21.677 

2  •  31**1 

2.2874 

-25.448 

2.5872 

2.5573 

-28.766 

2.8348 

2.8007 

-31.761 

3.0629 

3.0241 

-34.512 

3.2758 

3.2315 

-37.C67 

3.4761 

3.4258 

-39.463 

3.6659 

3.6092 

-41.726 

3.8468 

3.7833 

-43.874 

4.02GC 

3.9493 

-45.922 

4.1664 

4.1081 

-47.883 

4.3469 

4.2606 

-49.767 

4.502C 

4.4074 

-51.580 

**.6523 

4.5<*92 

-53.331 

4.7982 

4.6862 

-55.025 

4.9402 

4.8190 

-56.667 

5.0785 

4.9478 

—58. 26C 

5.2135 

5.0731 

-59.809 

5.3454 

5.1950 

-61.317 

5.4744 

5.3137 

-62.787 

5.6007 

5.4295 

-64.221 

5.7245 

5.5426 

-65.621 

5  ■  8*+6l 

5.6531 

-66.989 
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■OEXOFKHUCnM 

RCOFF  KtSIS  LENGTH 


3<420ii 

a  li)0iu£*ii2«Hi« 

32258E-G2-* 

mm  TRMtrmow 

FREQUENCY  (Ha) 

R  L 

X 

TRANS (JB) 

.  50dudt.*  j9 

.£>7713  +-cm 

•  57326«hwi 

-59.864 

• lOdOOt+lG 

.81501 

•  81187 

-84.621 

•15QbO£+13 

.99781 

.99471 

-104.24 

*2GuGG£+10 

1.152C 

1.1487 

-120.78 

•  25 0 G8c +lu 

1.2880 

1.2843 

-135.35 

.  3000dc  +  lC- 

1.4110 

1 . 4u68 

-148.51 

•353006+lu 

1.5242 

1.5194 

-160.61 

.40du0£+13 

1.6296 

1.6241 

-171.97 

*45d00£+lu 

1.7287 

1.7224 

-182.44 

.5G00QE' .6 

1.8224 

1.8154 

-192.43 

.  553091.  *16 

1.9116 

1.9C37 

-201.93 

. 613fiO£^lu 

1.9969 

1.9881 

-211.01 

.65duOfc+lu 

2.0786 

2 . Go9u 

-219.70 

•  7G00d£+lu 

2. 1 b7o 

2.1467 

-228.07 

•  75  0G0E+1U 

2.233b 

2.2218 

-236.14 

a  8GdG0t+lu 

2.3072 

2.2943 

-243.94 

. 853G0E+1J 

2.3785 

2.3645 

-251.49 

.90d0d£*lG 

2.**479 

2.4327 

-258.83 

.95QC0E+lu 

2.5153 

2.4990 

-265.96 

a luuOQt+ll 

2.5811 

2.5635 

-272.90 

• 1G5G0E+11 

2.6452 

2.6264 

-279.66 

a  lldOdc+11 

2.7079 

2.6678 

-286.26 

a 115G0E+1 1 

2*7692 

2.7477 

-292.72 

a 1200GE+11 

2.6292 

2. 8064 

-299.02 

a 125GJE +11 

2.6874 

2.8638 

-305.23 
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•noex  of  refraction 

RCOFF  RESIS  lcNGFh 


3.4206 

• lGdouE- J2nm. 

14732£-02«» 

*"*  TRAMMBKM 

FREQUENCY  (Hz) 

r  Z 

X 

TRANStOB) 

.500G0E+09 

«577l3ota»aB 

.57326  nm. 

-25.366 

.lOOOOE+10 

.815G1 

.61187 

-37.049 

•  15jOQ£+1G 

.99781 

.99471 

-46.017 

.200QQE+1C 

1.152b 

1.1487 

-53.578 

•25000E+10 

1.2880 

1.2843 

-60.237 

•3G0QQE+10 

1.411C 

1.4068 

-66.255 

. 35  0QQE+1G 

1.5242 

1.5194 

-71.78 7 

.40au0£F-10 

1.629b 

1.6241 

-76.933 

.45000E+1G 

1.7287 

1.7224 

-81.765 

•5GOOOt+lG 

1.6224 

1.8154 

-66.333 

»55uGGE«-lo 

1.911b 

1.9G37 

-90.67b 

.6GGGQE*1C 

1.9969 

1 . 9881 

-94.824 

•65Q00E+1C 

2.0788 

2 . 069  j 

-98.800 

• 7CGG0E+1G 

2.1575 

2.1467 

-102.62 

• 75GG0E+10 

2.2336 

2.2218 

-106.31 

.  8GGO0E  +  10 

2.3072 

2.2943 

-109.88 

•  850GGE+1G 

2.3785 

2.3645 

-113.33 

•  9G000E+1G 

2.4479 

2. *3 27 

-116.68 

•950C0EF10 

2.5153 

2.4990 

-119.94 

.  10000EF11 

2.5811 

2.5635 

-123.12 

•105G0EF11 

2.6452 

2.6264 

-126.21 

.  llUOOEFii 

2.7079 

2.6878 

-129.23 

.115Q0E+11 

2.7692 

2.7477 

-132.18 

>  12000E+11 

2.8292 

2 . 8064 

-135.06 

>  125G  0EF11 

2.6879 

2.8638 

-137.88 
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Graphs 


FIGURE  B-2 

Thec'etical  Transmission  of  Germanium 
10.058-in.)  at  3  Doping  Levels 
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FIGURE  B-3 


Theoretical  Transmission  of  Silicon 
(0.127-in.)  at  3  Doping  Levels 
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FIGURE  B-4 


Theoretical  Transmission  of  Silicon 
(0.058-in.)  at  3  Doping  Levels 
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F-.GURE  B-5 


Transmission  vs  Temperature  Measurements  for  Germanium 
(0.127-in.)  at  2  Wavelengths 


FIGURE  B-6 


Transmission  vs  Temperature  Measurements  for  Silicon 
(0.127-in.)  at  3  Wavelengths 
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Mi  ?sured  RF  Attenuation  of  Germanium  Samples 
(0.1 27 -in.)  of  Varied  Resistivity 


Calculated  RF  Attenuation  of  Germanium  Samples 
(0.1 27 -in.)  of  Varied  Resistivity 
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Calculated  RF  Attenuation  of  Germanium  Samples' 
(0.058-in.)  of  Varied' Resistivity 
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(0.127-in.)  of  Varied  Resistivity 


Calculated  RF  Attenuation  of  Silicon  Samples 
(0.127-in.)  of  Varied  Resistivity 


Measured  RF  Attenuation  of  Silicon  Samples 
(0.058-in.)  of  Varied  Resistivity 


